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(54) Irrformation recording medium, nnethod lor producing the same, and recording/reproducing 
method using the same 



(57) An Information recording medium 10 of the 
present invention Includes a first sut)strate 11, a second 
substrate 12. disposed so as to be opposed to the first 
substrate 11 , a first Infomiatlon layer 13 disposed be- 
tween the first substrate 11 and the second substrate 
1 2, a second fnf onrtation layer 1 4 disposed between the 
first information iayor 13 and the second substrate 12, 
and an Intermediate layer 15 disposed between the first 
information layer 1 3 and the second Infomiation layer 
14. The first infomiation layer 13 includes a first record- 
ing layer 1 8 that is transfonned In phase revenslbly be- 
tween a crystal phase and an amorphous phase vynth a 
laser beam 35, and the second information layer 14 In- 
cludes a sscond recording layer 27 that is transformed 
in phase reversibly between a crystal phase and an 
amorphous phase. The first recording layer 1 8 contains, 
Ge, Sn, Sb, and Te. and has a thickness of 9 nm or less. 
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Description 

[0001] The present invention relates to an information recording medium for optically recording, erasing, rewriting, 
and reproducing inlormatlon, a method for producing the same, and a method for recording/r^roduclng Information 

5 with respect to the same. 

[0002] In a phase-change infomnation recording medium, infonnation Is recorded, erased and rewritten using a re- 
cording layer that is transformed in phase reversibly between a crystal phase and an amorphous phase. When this 
recording layer is in-adlated with a high power laser beam and then is cooled rapidly, a portion thus irradiated is changed 
to be in an amorphous phase. Similarly, when an amorphous portion of the recording layer is in'adiated with a low 

10 power laser beam and then is cooled slowly, the portion thus irradiated is changed to be in a crystal phase. Therefore^ 
in the phase-change information recording medium, the recording layer is irradiated with laser beams having powers 
modulated between a high power level and a low power level, whereby the information layer can be changed freely to 
be in an amorphous phase or a crystal phase. In the phase-change infonrtation recording medium, Information is 
recorded using the difference in reflectivity between an amorphous phase and a crystal phase, 

15 [0003] In recent years, in order to enhance the recording density of an information recording medium, various tech- 
niques have been studied. For example, there are techniques of recording a smaller recording mark using a violet laser 
beam anfl of recording a smaller recording mailc by making a substrate thinner on a light Incident side while using a 
lens with a large numertcai aperture. A technique of recordlng/^producing Information with respect to two recording 
layers using a laser beam incident from one side also has been studied (see JP 12 (2000)-3G130 A). 
[0004] I n order to decrease the size of a recording mark, it Is necessary to shorten an i n^adiation time of a laser beam 
used for changing a phase of a recording layer. This requires that the crystallization speed of the recording layer should 
be high. Furthermore, in order to recorders produce information with respect to two recording layers, it Is required to 
use a thin recording layer on a light incident side so that sufficient light roaches a recording layer on the back side. 
However, when the recording layer is thinned, the nunr±>er of atoms contained in the recording layer is decreased, and 

25 the movement of atoms involved in a phase change also is suppressed, which lowers the crystallization speed. There- 
fore, there is a demand for a material capable of forming a recording layer on whk^h information can be recorded with 
reliability Inrespecttve of Its thinness. 

[0005] Conventionally, as a material for a recording layer, Ge-Sb-Te system materials have been used. According 
to an experiment by the inventors of the present invention, it is found that, among them, a pseudo binary composition 

SQ GeTe-Sb2TB3 has the highest crystal Ization speed, and GegSbgTeg ( (GeTe) : (SbjTeg) = 2 : 1 ) has excellent charac- 
teristics. Furthemiore, Uno et ai. report a recording/reproducing experiment using a Ge-Sb-Te recording layer with a 
thickness of 6 nm (M. Uno, K. Nagata and N. Yamada, "Thinning Limitation of Ge-Sb-Te Recording Rim for High 
Transmittance Media", Proc. of PCCy99. 83-88). In this experiment. Infomnation was erased at a linear velocity 6f 9 m/ 
s using a laser with a wavelength of 660 nm, and a satisfactory erasure ratio (30 dB) was obtained. 

35 [0006] However, when the inventors conducted an experiment on a Ge-Sb-Te system material, using a violet laser 
with a wavelength of 406 nm, this material was found to be insufficient for use on a light incident side. Therefore, in a 
conventional recording layer, rt was difficult to realize an infonrtation recording medium having a two-layered structure, 
with respect to which information is recorded/reproduced using a violet laser. 

[0007] JP 2(1 990)- 147289 A reports that an information recording medium is obtained that has excellent repeated- 
^0 recording^eraslng characteristics and less change In an erasure ratio with time by adding Sb to Te-Ge-Sn of a recording 
layer so as to limit the content of each element. However, this is an experimental result in the case where an information 
recording medium includes only one recording layer, and the recording layer is thick (i.e., 30 to 1 00 nm). This publication 
does not show the effects of addition of Sn in the case where the recording layer is thinned. 
[0008] Therefore, with the foregoing in mind, it is an object of the present invention to provide a high-density record- 
45 able information recording medium having two recording layers, a method for producing the same, and a method for 
recording/reproducing infomnation with respect to the same. 

[0009] In order to achieve the above-mentioned object, an information recording medium of the present invention 
Includes: a first substrate; a second substrate disposed so as to be opposed to the finst substrate: a first information 
layer disposed between the lirst substrate and the second substrate; a second infomnallon ^yer disposed between 

so the first information layer and the second substrate; and an intermediate layer disposed between the first infonmation 
layer and the second information layer, wherein the first infomnation layer includes a first recording layer that is trans- 
formed in phase reversibly between a crystal phase and an amorphous phase with a laser beam radiated from the first 
substrate side, the second Information layer includes a second recording layer that is transfomr^ed in phase reversibly 
between a crystal phase and an amorphous phase with the laser beam, and the first recording layer contains Ge. Sn, 

55 Sb, and Te, and has a thickness of 9 nm or less. 

[0010] In the above-mentioned Infomnation recording medium, the first recording layer may be made of a materiel 
represented by a composition formula: (Ge-Sn)ASbQTe3^|^. where 2 ^ A ^ 22 and 2 £ B ^ 4. This composition formula 
represents that Ge and Sn are contained In the material by 100 * A/{2A -i- B -i- 3) atomic % In total. According to this 
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constitution, even when thef imt recording layer Is made thin, satisfactory recording/erasing characteristics are obtained 
with a violet laser. By setting 2 ^ A, an amptitude of a signal can be increased. Furthermore, by setting A ^ 22. a 
decrease in crystallizatton speed can be prevented. By setting 2 ^ B» Te, which has a low melting point, can be prevented 
from being precipitated when a phase change between a crystat phase and an anfiorphous phase Is effected. In the 
s case of 2 < B, an excess amount of Sb is added to the material represented by (Ge - Sn)ASb2Te3^. This excess 
amount of Sb functions to increase a ciystailization temperature to enhance thermal stability of a recording mark, and 
suppressing the nnpvement of a substance during repeated-recording. 

[0011] In the above-mentioned information recording medium, a content of Sn in the first recording layer may be 25 
atomic % or less. The content of Sn preferably is 0.1 atomic % or more. According to this constitution, even when the 
10 first recording layer is made thin, a satisfactory erasure ratio is obtained with a violet laser. Furthermore, by adjusting 
the cont^t of Sn In the first recording layer and 8, the crystallization speed and the ctystaiiization temperature of the 
first recording layer can be controlled. 

[0012] in the above-mentioned information recording medium, a transmittance Tc (%) of the ftrsl infomiation layer 
in a case where the first recording layer is tn a crystal phase, and a transmittance Ta (%) of the first information layer 
« In a case where the first recording layer Is In an amorphous phase may satisfy 40 ^ (Tc -i- Ta)/2 wrftb respect to a laser 
beam having a wavelength in a range of 390 nmto 430 nm. According to this constitution, satisfactory recording/erasing 
characteristics also are obtained in the second infomrtation layer. 

[00131 In the above-mentioned Information recording medium, the transmittance Tc {%) and the transminance Ta 
(%) may satisfy 0 < I Tc - Ta l/Tc < 0.15 (more preferably. 0 < I Tc - Ta I /Tc < 0.05) with respect to a laser beam having 

so a wavelength in a range of 390 nm to 430 nm. According to this constitution, a change in recording sensitivity of the 
second Information layer can be decreased Irrespective of a recorded state of the first Infomiation layer 
[0014] In the above-mentioned information recording medium, the first information layer further may indude first and 
second dielectric layers and a first reflectlvo layer, and the first reflective layer, the second dielectric layer, the first 
recording layer and the first dielectric layer may be disposed in this order from the intermediale layer side to the first 

25 substrate side. According to this constitution, by varying a material and a thickness of the dielectric layers and the 
reflective layers, the light absorptivity of the first recording layer, and the transmjttance and the reflectivity of the first 
Information layer can be controlled. 

[0015] In the above-mentioned information recording medium, the first information layer further may include a third 
dielectric layer disposed between the first reflective layer and the intemriediate layer. /Wording to this constitution, by 
so varying a material and a thickness of the third dielectric layer, the transmittance of the first Infonnation layer can be 
increased. 

[0016] In the above-mentioned infonnation recording medium, a refractive index of the third dielectric layer may be 
2.3 or more with respect to light having a wavelength In a range of 390 nm to 430 nm. 

[0017] In the above-mentioned infomiation recording medium, grooves for tracking control may be fomied on the 

^-5 intermediate layer. 

[0018] In the above-mentioned infomnatton recording medium, the first information layer further may Include an In- 
terface layer disposed at at least one Interface selected from the group consisting of an interface between the first 
dielectric layer and the first recording layer, an interface between the first recording layer and the second dielectric 
layer, an interface between the second dielectric layer and the first reflective layer, and an interface between the first 

^0 reflective layer and the third dielectric layer. According to this constitution, the movement of a substance between 
layers can be suppressed, so that an infonnation recording medium with high reliabittty is obtained. 
[0019] In the above-mentioned information recording medium, a thiclineBS of the first reflective layer nnay be in a 
range of 5 nm to 15 nm. According to this constitution^ the transmittance Tc (%) andTa {%) of the first information layer 
can be enhanced, and the first recording layer easily can be changed to be in an amorphous phase by rapidly diffusing 

^ heat generated therein. When the first reflective layer is too thin. Its heat diffusion function is insufficient, and when It 
is too thick, the transmittance of the first infonnation layer becomes insufficient. Therefore, the thickness of the first 
reflective layer preferably is set in a range of 5 nm to 15 nm. 

[0020] In the above-mentioned infonnatnn recording medium, a thickness of the first substrate may be in a range 
of 1 0 ^m to 700 ^m. According to this constitution, by varying a numerical aperture NA of en objective lens, the length 
so of a recording mark and the interval between recording marks can be optinruzed in acoordance with the shape of grooves 
of the first substrate and recording/erasing/reproducing conditions. 

[0021] in the above-nrtentioned information tBcordIng medium, grooved for tracking control may be fomied on the 

first substrate. 

[0022] In the above-mentioned infonnation recording medium, atftlckness of the second substrate may be In a range. 
5S of 500 \vfT\ to 1300 |tm. According to this constitution, by varying a numerical aperture NA of an objective lens, ihe 
length of a recording mark and the Interval between recording marks can be optimized In accordance with the shape 
of grooves of the first substrate and recording/erasing/repnoducing conditions. The thickness of the second substrate 
is selected so that the thickness of the Infonmation recording medium becomes about 1200 \im. In the case where the 
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thickness of the first substrate is about 100 ^m, the thbkness of the second substrate is set to be about 1100 iim. 
Furthermore, in the case where the thbkness of thefirst substrate is about 600 ^m. the thickness of the second substrate 
is set to be about 600 \vm. 

[0023] In the above-menttoned Information recording medium, grooves for tracking control may be fonned on the 
s second substrate. 

[0024] In the above-mentioned Infomnation recording medium, the second bifonnatlon layer further may include fourth 
and f^h dielectric layers and a second reflective layer, and the second reflective layer, the fffth dielectric layer, the 
second recording layer and the fourth dieiectrk: isyer may be disposed In this order from the second substrate side to 
the intennediate layer side. According to this constitution, by varying a material and a thtckness of the dielectric layers 
10 and the reflective layers, the light absorptivity of the second recording layer and the reflectivity of the second infonnation 
layer can be controlled. 

[O025] In the above-mentioned Infonnation recording medium, the second infomiation layer further may Include an 
interface layer disposed at at least one interface selected from the group consisting of an interface between the fourth 
dielectric layer and the second recording layer, an interface between the second recording layer and the fifth dielectric 

15 layer, and an interface between the fifth dielectric layer and the second reflective layer 

[0026] Furthermore, a method for producing an infonnation recording medium of the present invention is a method' 
for producing an information recording medium including first and second substrates, first and second infomiation 
layeiB, and an Intennedlate layer, the method including the processes of: (a) forming the second infonnation layer on 
the second substrate; (b) fonning the intennediate layer on the second information layer; (c) fonningthe first infomnatbn 

^ layer on the Intemrtediate layer; and (d) attaching the first substrate on the first Informatksn layer, wherein the first 
Infonnation layer Includes a first recording layer that Is transformed in phase reverslbly between a crystal phase and 
an amorphous phase with a laser beam radiated from the first substrate side, the second Information layer includes a 
second recording layer that Is transformed In phase reversibty between a crystal phase and an amorphous phase with 
the laser beam, and the process (c) includes the process of fonming the first recording layer to a thickness of 9 nm or 

25 less, using a base material containing Ge, Sn. Sb. and Te. According to this production method, the infonriation re- 
cording medium of the present invention can be produced easily. Furthermore, according to this production method 
since the first substrate Is stacked after the second Infonnation layer and the first Infomiation layer are fonned, an 
infonnation recording medium provided with a first thin substrate can be produced easily. 

[0027] According to the above-mentioned production method, in the process (c), the first recording layer may be 
3Q formed by sputtering using sputtering gas containing argon gas or krypton gas. According to this constitution, an in- 
forniatbn recording medium with excellent repeated-recording charac^eristk^ can be formed easily. 
[O028] According to the above-mentioned production method, the sputtering gas further may contain at least one 
gas s elected f ro m the group consisting of oxygen and nitrogen. 

[0029] According to the above-menttoned production method, the first recording layer may be fomied at a fl(m-for- 
35 mation speed in a range of 0.1 nm/second to 1 0 nm/second According to this constitution, the variations in thickness 
of the first recording layer can be decreased, and the first recording layer can be produced with good productivity in a 
short period of time. 

[0030] According to the above-mentioned production method, in the process (b). grooves for tracking control may 
be fonned on a surface of the intermediate layer. 
40 [0031] Furthermore, ecoonjing to the above-mentioned production method, the first lnfom\atIon layer further may 
include a first reflective layer disposed on the intermediate layer side from the first recording layer, and the process (c) 
may include the process of forming the first reflecth^e layer in a range of 6 nm to 1 5 nm. 

[0032] Furthennore. a nBcording/reproducing method of the present invention is a method for recording/producing 
an inforrmtion signal by in'adiating an infonnation recor<fing medium with a laser beam, wherein the infonnation re- 

45 cording medium is the above-mentioned infomiation recording medium of the present inventkin, the laser beam is 
Incident from the first infonnatton layer side of the Infomiadon recording nriedlum, in the second inlonrnation layer of 
the Infonnation recording medium, infonnation is recorded/reproduced with the laser beam transmitted through the 
first informatk)n layer, and a wavelength of the laser beam Is In a range of 390 nmto 430 nm. Aocorcfing tothts recordbig/ 
reproducing method, high-density recording can be conducted with high reliability. 

50 [0033] In the above-mentioned recording/reproducing method, a linear velocity of the infonnation recording medium 
in recording/reproducing Information nnay be in a range of 1 m/second to SO m/second. According to this constitution, 
the length of a recording mark and the interval between recording marks can be optimized in accordance with the 
structure of an infonnation recording medium and recording/reproducing conditions, and a high transfer rate can be 
realized. 

55 [0034] In the above-mentioned recording/reproducing method, the laser beam may be a laser beam condensed by 
an objective lens with a numerical aperture NA In a range of 0.4 to 1 .1 . According to this conetltutlon, the length of a 
recording marie and the interval between recording marks can be optimized in accordance with the thickness of the 
first substrate or the second substrate, the shape of grooves, and recordln^erasing/reproduclng conditions, and a high 
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transfer rate can be realized. 

[0035] These and other advantages of the present invention win beconfie apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 
[0036] Figure 1 is a partial cn^ss-sectlonal view showing an exemplary information recording medium of the present 
5 invention. 

[0037] Figure 2 is a diagram showing a composition range of a first recording layer in the Information recording 
medium of the present invention. 

[0038] Figure 3 is a partial cross- sectional view showing another exemplary information recording medium of the 
present invention. 

10 [O039] Figure 4 is a view schematically shoving an exemplary structure of a recordin^reproducing apparatus used 
for a recording/reproducing method of the present invention, 

[0040] Figure S is a partial cross-sectional view showing a structure of a sample used for evaluating the infonnatjon 
recording medium of the present invention. 

[0041] Figure G is a diagram schematicaily showing a structure of an evaluation apparatus used for evaluating the 
IS Infonnation recording medium of the present Invention . 

[0042] HerBlnafter, the present Invention will be described by way of iltustrative embodiments with reference to the 
drawings. The following embodiments are shown merely for Qlustratlve purpose, and the present Invention is not IMed 
thereto. 

20 Embodiment 1 

[0043] In Embodiment 1, an exemplary information recording medium of the present invention will be described 
Rgure 1 shows a partial cross-sectional view of an Information recording medium 10 of Embodiment 1. 
[0044] Refemng to Rgure 1 ; the informatbn recording medium 1 0 includes a first substrate 11 (hatching is omitted), 
a second substrate 12 disposed so as to be opposed to the first substrate 11 , a first information layer 13 disposed 
between the first substrate 11 and the second substrate 12, a second Infonnation layer 14 disposed between the first 
Information layer 13 and the second substrate 12, and an Intennediate layer 1 5 disposed between the first Infonnation 
layer 13 and the second Infonnation layer 1 4. ihfonnnation is recorded/reproduced with reject to the infonnation re- 
cording medium 10 with a laser beam 35 incident from the first substrate 11 side. 

30 [0045] The first substrate 11 and the second substrate 12 are respectively diak-shaped transparent substrates. As 
shown in Figure 1 , grooves for tracking control may be fonned, if required, on the inner surfaces (on the intemnedtate 
layer 15 side) of the first substrate 11 and the second substrate 12. The outer surfaces of the first substrate 1 1 end the 
second substrate 12 generally are smooth. In the case where grooves are formed on the substrate, infomiatlon may 
be recorded on grooves 1 i a (groove surface closer to the incident side of the laser beam 35) or on portions (groove 

35 surface far away from the incident side of the laser beam 36. hereinafter, referred to as "lands lib") between the 
grooves 11a. Infonnation also may be recorded on both the grooves 11a and the lands 11b. 
[0046] The first substrate 11 and the second substrate 12 can be made of glass or resin such as polycarbonate, 
amorphous polyolefin. and polymethylmethacrylate (PMMA). Among them, polycarbonate resin is preferable because 
this resin makes it easy to fonm grooves and has good productivity. It is preferable that the first substrate 11 has a small 

^o birefringence with light of a wavelength In a range of 390 nm to 430 nm. Thethickness of the first substrate 1 1 preferably 
Is In a range o1 10 {im to 700 ^m (more preferably, SO |im to 150 ^m). As the first substrate 11 becomes thinner, the 
numerical aperture of an objective lens can be increased, and the laser beam 35 can be focused. For example, in the 
case where the thickness of the first substrate 11 is 1 00 (im, infonnation can be recorded/erased satisfactorily by using 
an objective lens with a numerical value of 0.85. Furthemrtore, in the case where the thk^kness of the first substrate 11 

45 is 600 information can be recorded/erased satisfactorily by using an objective lens with a numerical value of 0.6. 
The thtekness of the second substrate 1 2 preferably is in a range of 500 ^m to 1 300 ^ (more preferably, 900 |im to 
1300 limy 

[0047] The first information layer 13 Includes a third dielectric layer 24, a fourth interface layer 23, a first reflective 
layer 22, a third interface layer 21 , a second dielectric layer 20, a second interface layer 1 9, a first recording layer 1 8, 
SO a first intertace layer 1 7, and a first dielectric layer 16 that are disposed successively fmm ^e intermediate layer 15 
side to the first substrate 1 1 side. Furthermore, the second infonnation layer 1 4 includes a second reflective layer 31 , 
a seventh interface layer 30, a fifth dielectric layer 29, a sixth interface layer 28. a second recording layer 27, a fifth 
interface layer 26 and a fourth dielectric layer 25 that are disposed successively from the second substrate 1 2 side to 
the intermediate layer 1 5 side. 

ss [0046] It is preferable that a transmitlance Tc (%) of the first information layer 1 3 in the case where the first recording 
layer 18 is in a crystal phase and a transmlttance Te (%) of the first information layer 13 in the case where the first 
recording layer 18 is In an amorphous phase satisfy 40 £ (Tc + Ta)/2 with . respect to a laser beam having a wavelength 
In a range of 390 nm to 430 nm. It also is preferable that Tc and Ta satisfy 0 £ I Tc - l/Tc ^ 0.16 (more preferably, 0 
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5 ITc- Tat /Tci 0.05). 

(0049] The first, second and third dielectric layers 16, 20 and 24 have a function of protecting the first recording layer 
1 3 from the environment. Furthermore, by selecting a thickness and a material for each layer, the light absorptivity (%) 
of the first recording layer 1 8, and the reflectivity and transmlttance of the first infon:natlon layer 1 3 can be controlled 

9 with the use of light interference. 

[0050] Each thickness of the above-mentioned dielectric layers can be detemnlned, for example , by using calculation 
based on a matrix method (see "Wave Optics" by Hiro Kubcta, Iwanami-shoten, 1 971 . Ch. 3). More specifically, each 
thickness can be determined strictly so as to satisfy the conditions that I Rc - Ral or Fte/Ra becomes larger and Tc and 
Ta become larger. Herein, Rc and Tc represent a reflectivity (%) and a transmittance (%) of the first information layer 

10 13 jn the case where the first recording layer 18 is in a crystal phase. Ra and Ta represent a reflectivity (%) and a 
tnansmittance(%) of the first infonriation layer 13 in the case where the first recording layer 1 8 is in an amorphous phase, 
[0051] Each complex refractive index of the dielectric layers in the vicinity of a wavelength of 400 nm is an important 
factor for detemninlng the light absorptivity of the first recording layer 18, and the reflectivity and transmlttance of the 
first infomiation layer 13. A complex refractive index is represented by (n - k-i) (where n is a refractive index, and k is 

IS an extinction coefftclent). In order to keep large Tc and Ta. ft Is desirable that transparency of the dielectric layers Is 
high. More specificaiiy. it is desirable that an extinction coefficient k is 0.1 or less. 

[0052] RegarcGng the refractive index of the dlelectrb layers, the Inventors Investigated the influenoe of a refractive 
Index n1 of the first dielectric layer 1 6, a refractive bndex n2 of the second dielectric layer 20. and a refractive index n3 
of the third dielectric layer 24 on the reflectivity and the transmlttance of the first Information layer 13 by simulation 
^ using the matrix method. This simulation was conducted assuming that the thickness of the first recorcfing layer 18 Is 

6 nm, and that of the first reflective layer 22 Is 1 0 nm. Consequently, the following results were obtained. In the case 
where the refractive indexes n1 , n2, and n3 satisfy the relattonships: 1.7 ^ n1 ^ 2.5, 1.7 ^ n2 5 2.8. and 2.0 5 n3, the 
thickness of the dielectric layers that allows I Rc - Ra I or Rc/Ra to be large and satisfies 40 s (Tc + Ta)/2 can be 
determined. Furthermore, in the case where n1, n2, and n3 satisfy the relationships: 2.1 ^ n1 <,2A, 2.0 ^ r2 <2.8, and 

2S 2.2 5 n3. Ra can be set to be small, so that the thickness that allows Rc/Ra to be large and satisfies 50 ^ (Tc + Ta)/2 
can be detemilned. 

[0053] In this manner, the first, second and third dielectric layers 16, 20 and 24 have a tunctJon o! Increasing a 
transTTBtlance (Tc and Ta) of the first information layer 13, Among them, the third dielectric layer 24 particularly is 
important, and it is preferable that the third dielectric layer 24 is made of a material with a large refractive index (e.g., 
30 a material with a refractive index of 2.3 or mom), it also was confirmed by calculation that in the presence of the third 
dielectric layer 24, the transmlttance of the first infonnation layer 13 is in(^ased by 5% to 10% In an absolute value, 
compared with the case where there is no third dielectric layer 24. 

[0054] Next, preferable thenrtai characteristics of the dielectric layers will be described. In order to fomi a satisfactory 
recording mark on the first recording layer 18, It is Important to allow heat generated In the first recording layer 18 due 

35 to light absorption to radiate rapidly in a thickness direction and to cool the first recording layer 1 8 rapidly. Because of 
this, it is preferable that the first dielectric layer 16 and the second dielectric layer 20 are made of a material with a 
relatively small heat conductivity. When a material with a large heat conductivity is used, heat is likely to radiate In an 
in-plane direction, whk:h relatively decreases a rapid cooling speed of the first recording layer 18. In order to increase 
a rapid cooling speed of the first recording layer 16, it is preferable that the third dielectric lay€fr 24 formed on the first 

^0 reflective layer 22 Is made of a material with a ratatlvely large heat conductivity, 

[0055] The first, second, and third dielectric layers 16, 20, and 24 are made of a material satisfying the above- 
mentioned optKal and thermal conditions. Theee dielectric layers can be made of an oxide, a nitride, an oxide nitride, 
a sulfide, a carbide, or a nfv'xture thereof. As the oxide, for example. In203, Nb^Os, SnO, DO^. MgO, ZnO, ZrO^, Te02, 
AljOa, SiO^ or TagOscan be used. As the nitride, for example, Sl-N, Al-N. Ti-N, Ta-N, Zr-N or Ge-N can be i^ed. As 

45 the oxide nitride, for example. Al-O-N or Si-O-N can be used. As the sulfide, for example, ZnS can be used. As the 
carbide, for example. SIC can be used. As the mixture, for example, ZnS-Si02 can be used. 
[0056] Among them. ZnS-Si02 is suitable for the first dielectric layer 1 6 and the second dielectric layer 20. ZnS-Si02 
Is a transparent amorphous material with a refractive index of about 2.3. which has a high film formation speed, and 
excellent mechanical properties and moisture resistance. A material with a refractive Index ot 2.3 or more such as 

so Te02. ZnO, Ta^Oj, ZrOg or TiOg is suitable for the third dielectric layer 24, 

[00S7] The first interiace layer 1 7 and the second interiace layer 1 9 have a f unctbn of preventing a substance from 
moving between the first dielectrk: layer 16 and the first recording layer 1 8 and between the first recording layer 18 
and the second dielectric layer 20. Furthermore, the third Interface layer 21 and the fourth interiace layer 23 prevent 
a substance from moving between the second dielectric layer 20 and the first reflective layer 22 and between the first 

ss reflective layer 22 and the third dielectric layer 24. For example, in the case of using a dielectric layer made of ZnS- 
Sf02. sulfur In the dielectric layer Is prevented from diffusing to the first recording layer 18 and the first reflective layer 
22. These Interiace layers may be omitted. However, In the case of using a dielectric layer made of a sulfide. It is 
preferable to torn Interface layers. In order to Increase a transmlttance of the first Infonmatlon layer 1 3, It Is preferable 
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that thd number of interfacd layers is ad small as possible. 

[00581 As a material for these interface layers, e nitride such as Si-N, Al-N, Zr-N, Ti-N, Ge-N and Ta-IM, or a nitride 
oxide including such a nitride can be used A carbide such as C.and SIC also can be used. Among them, a material 
containing Ge-N can be formed Into afilm by reactive sputtering and has excellent mechanicat pr(^rtte& and moisture 
5 resistance. When the thickness of the interface layers is increased, the reftectivity and absorptivity of thefirst information 
layer 13 are varied largely. Therefore, the thickness of the interface layers preferably is in a range of 1 nm to 10 nm 
(more preferably 3 nm to 7 nm). 

[0059] The first recording layer 1 B Is made of a phase-clTange material that Is transformed in phase revarsibly be- 
t\ween a crystal phase and an amorphous phase by irradiation with a laser beam. Specifically, the first recording layer 
id 18 contains Ge, Sn.Sb, andTe. M ore specifically, a material obtained by replacing a part of Ge of a material represented 
by Ge^^SbaTe^^y^ with Sn, i.e., a material represented by a composition fomiula: (Ge-Sn)ASbBTe^A (where 2 ^ A ^ 22, 
2 < B <4). This composition formula represents that Qe and Sn are contained in the first recording layer 18 by 100 ♦ 
A/(2A 4- B + 3) atomic % In total. In order to obtain an information recording medium with excellent repeated-recording 
performance, it is more preferable that A satisfies 2 S A S 1 0. The thiclcness of the first recording layer 18 is 9 nm or 
les$> preferably In a range of 3 nm to 9 nm. 

[0060] A pseudo binary composition GeTe-Sb^Teg conventionally has been used as a material with a high crystalli- 
zation speed. This crystallization speed can be Increased further by dissolving SnTe or PbTe therein. Uke a pseudo 
binary composition GeTe-Sb2Te3» SnTe and PbTe have a crystal structure of the rock-salt type. SnTe and PbTe have 
a high crystallization speed and are likely to be dissoh/ed in Ge-Ss-Te. The inventors found that SnTe is preferable as 

zo a material to be dissolved in the pseudo binary composition GeTe-Sb2Te3. The use of this material enables a smaller 
recording mark-to be recorded on a recording layer at a shorter interval with a small laser beam spot. It also is useful 
to add PbTe In place of SnTe. In this case, the preferable amount of Pb is substantially the same as that of Sn. 
[0061] As described above, GeTe-SnTe-SbgTes obtained by mixing SnTe with a pseudo binary composition GeTe- 
SbgTog can be used as a material for the first recording layer 1 8. In this case, Ge is partially replaced with Sn to obtain 

25 (Ge-Sn)Te-Sb2Te3. and hence, a crystallization speed is increased. Furlhennore, by adding an excess amount of Sb 
to (Qe-Sn)Te-Sb2Te3 to obtain (Ge-Sn)Te-Sb2Te3-Sb, a crystallization temperature as well as a crystallization speed 
can be Increased. This results In enhancement of the thermal stability of a recording mark. Furthennore, an excess 
amount of Sb becomes amorphous Sb without entering a crystal lattice, thereby suppressing the movement of a sub* 
stance during repeated-recording. 

'30 [0062] In the case of using a material represented by (Ge-Sn)ASbBTe;^A' ^^"9 2 ^ A. a suffk^ient signal amplitude 
is obtained in the range of a wavelength of a violet laser. By setting A < 22, an increase in a melting point and a decrease 
in crystallization speed can be prevented. Furthennore, by setting 2 < A < 10, an informatton recording medium with 
excellent repeated-recording characteristics can be obtained. 

[0063] Next, in the case where a material represented by (Ge-Sn)ASbBTe3^.A is used, the content of Sn In the material 

35 will be described. In the case of A = B = 2, it is preferable that a content Y (atomic %) of Sn contained in the first 
recording layer 18 satisfies 0 < Y s: 11, Furthennore. In the case where A = 2 and B - 4, 0 < Y ^ 15 is preferable. 
Furthermore, in the case where A = 22 and B = 2, 0 < Y ^ 22 is preferable. In the case where A=22andB=:4.0<Y 
< 25 is preferable. Thus, it is preferable that the content of Sn in the above-mentioned material is 25 atomic % or less. 
When the concentration of Sn is too large, a change in refractive index between a crystal phase and an amorphous 

40 . phase o1 the first reconing layer 1 8 becomes small, which may decrease recording characteristics. 

[0064] Referring to Figure 2, a preferable composition range of the first recording layer 18 will be described. Figure 
2 shows coordinates of a concentration (atomic %} of (Ge-Sn), a concentration (atomic %) of Sb, and a concentration 
(atomic %) of Te. A point "a" is placed at [ (Ge-Sn), Sb, Te] (hereinafter, displayed In this order) = (50, 0. 60) and 
r^Mresents (Ge-Sn)Te. A point "b" is placed at a coordinate (0, 40. 60) and represents SbsTe^. Thus, a line "a-b" 

45 represents a compos'rtion of (Ge^ny^SbsTes^A* A point V is placed at a coordinate (0, 57.1, 42.9) and represents 
Sb4Te3. Thus, a line 'a-c" represents a composition of {f^^Sn)f^j^^p^. A point 'd" is placed at a coordinate (44.9. 
4.1, 51.0) and represents a composition of A » 22 and B e 2. A point "e" is placed at a coordinate (40, 8. 52) and 
represents a composition of A = 10 and B = 2. A point T is placed at a coordinate (22,2, 22.2, 55.6) and represents a 
'composition of A = 2 and B ^ 2. A point "g" is placed at a coordinate (18.2, 36.4, 45.4) and represents a composition 

so of A = 2 and B = 4. A point "h" is placed at a coordinate (37, 14.8, 4fi.2) and represents a composition of A = 10 and 
B = 4. A point "j" is placed at a coordinate (43.1 , 7.8, 49.1) and represents a composition of A = 22 and B = 4. Thus, 
a range surrounded by d-f-g-j represents a composition of 2 ^ A ^ 22 and 2 ^ B ^ 4. A range sun-ounded by e-f-g-h 
represents a composition of25Asi0and2$B<4,A line "d-f" represents a composition of 2 < A s 22 and B = 2. A 
line "e-f" represents a composition of 2 s A S 10 and B = 2. 

55 [0065] When the first recording layer 18 with a thickness of 6 nm is formed by using a material represented by (Ge- 
SnjASbgTea+A. t>y selecting the concentration of A, B, and Sn, eatlsfectory recordlng/'erarfng performance can be 
obtained even in the case where a laser beam with a short wavelength (i.e.. 390 nm to 430 nm) Is used. 
[0066] A material obtained by adding another element to (Ge-Sn)ASbBTea^ may be used fbr the ff nst recording layer 
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1B. Such a materlaf Is represented by a composition formula: [ (Ge-Sn)ASbBTe3^Alioo-c'^c i^^^^^ 0 < C s 20). As the 
element M, at least one element selected from the group consisting of nitrogen, Ag, Al, Cr. Mn, Ti, V, Zr, Nb. Mo, Pd. 
Cu, Au. Ni, Pt, Zn, In, Ga, Al, Si, Se, Bi, Ta, Hf, La, Ce, Md, Sm, Gd, Tb and Dy can be used. In this case, a 
crystallization speed can be optimized by varying the concentration of Sn. 

5 [0067] The first reflective layer 22 optically has a function of increasing the amount of light absorbed by the first 
recordbig layer 18. The first reflecth/e layer 22 thenmaity has a function of enabling heat generated In the first recording 
layer 18 to radiate rapidly, thereby mai<ing it easy for the first recording layer 1 8 to be changed to an amorphous phase. 
The reflective layer 22 also has a function of protecting a mu?ti-layer film firom a user environment As a material for 
the first reflective layer 22, metal with a high heat conductivity such as A!, Au, Ag, and Cu can be used. Furthemiore, 

10 it also is possible to use an alloy material mainly containing the metal, to which at least one of the other elements is 
added for the purpose of enhancing moisture resistance or adjusting heat conducth/ity. More specifically, an alloy such 
as Al-Cr, Al-Ti, Au-Pd, Au-Cr, Ag-Pd, Ag-Pd-Cu. Ag-Pd-Ti and Cu>Si also can be used. These alloys have high corrosion 
resistance and a high heat conductivity. Among them, an Ag alloy has a high heal conductivity. An Ag alloy also is 
likely to be designed optically so as to decrease its light absorptivity. Therefore, in the case of using an Ag alloy, light 

« is more likely to be allocated to transmitted light, compared with the case of using an Au material or an Al material. 
Considering the balance between the tight absorptivity of the first recording layer 18 and the transmittance of the first 
infbnnation layer 13, the thickness of the first reflective layer 22 preferably is 6 nm to 15 nm (more preferably, 8 nm to 
12 nm). By prescribing the thickness to be5 nm or more, a sufficient radiation function can beobtained. Furthermore, 
by prescribing the thiclcness to be 15 nm or less, the transmittance of the frst information layer 13 can be prevented 

20 from being decreased too much. 

[0068] Next, the second information layer 14 will be described. The fourth end fifth dielectric layers 25 and 29 have 
a function of protecting the second recording layer 27 from the environment. By seiecting a thiclcness and a refractive 
Index of these dielectric layers, the light absorptivity of the second recording layer 27 can be enhanced, and a change 
in the amount of reflected light before and after recording can be increased to enlarge a signal amplitude. These 
dielet^ric layers can be made of a material described with respect to the first, second and third dielectric layers 1 6. 20 
and 24. These dielectric layers may be made of different materials or the same material. 

[0069] The fifth Interface layer 26 and the sixth Interface layer 28 prevents a substance from moving between the 
fourth dielectric layer 25 and the second recording layer 27 and l^etween the second recording layer 27 and the fifth 
dielectric layer 29. The seventh interface layer 30 prevents a sutstance from moving between the fifth dielectric layer 
SO 29 and the second reflective layer 3 1 . These interface layers can be made of a material similar to mat of the first and 
second interface layers 1 7 and 19. The preferable thickness of these interface layers also is similar to that of the first 
and second interface layers 1 7 and 19. 

[0070] Infomatlon is recorded, erased and reproduced with respect to the second recording layer 27 with the laser 
beam 35 transmitted through the first infonrtation layer 13. Information recorded on the second recording layer 27 is 
35 reproduced with a laser beam reflected from the second information layer 14. Therefore, it is preferable that the re> 
fiectivlty of the second information layer 14 Is high. 

[0071] The second recording layer 27 is made of a phase-change material that is transformed In phase reversibly 
between a crystal phase and an amorphous phase by Irradiation with a laser beam. More speciRcafly, a material such 
as Ge-Sb-Te, Ge-Bi-Te. Ge-Sn-Te, In-Sb-Te, Sb-Te, Ge-Te or Ag-ln-Sb-Te can be used. Atternativeiy, a material ob- 
^0 talned by adding at least one element selected from the group consisting of Au, Ag, Cu, A), Ga, Pd, Pt, NI. Ce, Cr, BI, 
Sn, Se, In, La, C, Si, Ti, Mo, W, Ta, Hf, Zr, Nb and V to the above-mentioned materials also can be used. Alternatively, 
a material obtained by adding nitrogen or oxygen to these materials also can be used, 

[0072] Furthermore, a material of a Ge-Sn-St>-Te system similar to that for the first recording layer 1 8 may be used 
for the second recording layer 27. In this case, since the second recording layer 27 is thicker than the first recording 

45 layer 18, the content of Sn may be smaller than that for the first recording layer 18. In the case of using a material 
represented by a composition formula: (Gd-Sn)ASbBTe3^, it is preferable that 2 k A s 1 0 and 2 ^ B ^ 4. Since a laser 
beam Incident upon the second recording layer 27 is weak, the second recording layer 27 preferably is made of a 
material with a low melting point in the case of A = 1 5, a melUng point Is increased to decrease a recording sensitivity. 
In the case of A 2, a content Y (atomic %) of Sn preferably satisfies 0 < Y ^ 5. Furthemnore, In the case of A « 1 0, It 

so is preferable to satisfy 0 < Y £ 1 5. 

[0073] When the second recording layer 27 is too thin, the reflectivity of the second infonnation layer 1 4 is decreased. 
In contrast, when the second recording layer 27 is too thick, heat generated In the second recording layer 27 is likely 
to radiate In an in-plane direction, so that a small recording mark is unlikely to be formed. Thus, the thickness of the 
second recording layer 27 preferably is 8 nm to 15 nm. 

55 [0074] The second reflective layer 31 increases the amount of light absorbed by the second recording layer 27. The 
second reflective layer 31 also has a function of allowing heat generated in the second recording layer 27 to radiate 
rapidly and facilitating the change of the second recording layer 27 to an amorphous state. The second reflective layer 
31 can be made of a material described with respect to the first reflective layer 22. Thethk^kness of the second reflective 
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layer 31 preferably Is 30 nm to 1 50 nm (morepreferably 70 nm to 90 nm). When the secorjd reflective layer 31 is thinner 
tiian 30 nm, a heat diffusion function becomes so small that the second recording layer 27 becomes unlikely to be 
changed to an amorphous state. Furthennore, when the second reflective layer 31 is thicker than 150 nm, a heat 
diffusion function becomes too large, and the recording sensitivity of the second nscording layer 27 Is decreased. 

5 [0075] The intenmediate layer 15 is fonned for the purpose of distinguishing the focus position of the first recording 
from 1 8 from that of the second recording layer 27. In the intermediate layer 1 5, grooves for tradclng control may be 
formed. The intermediate layer 1 5 can be made of light-curable resin or slow-acting resin. A material forthe intermediate 
layer IS preferably has a small light absorptivlly at a wavelength X of the laser beam 35. The thickness of the interme- 
diate layer 15 is a depth of focus AZ or more determined by a numerical aperture NA of an objective [ens condensing 

10 the laser beam 35 and the wavelength A (nm) thereof. In the case where the intensity of a condensing point is 80% of 
that in the absence of aberration, the depth of focus AZ can be approximated by an equation AZ - 7J{2 * NA^). Thus, 
when X = 400 nm and NA = 0,6, AZ = 0.558 jim. In this case, a range within *0,6 \jum fails in the depth of focus, so that 
the thickness of the iniemiediate layer 1 5 should be 1 ^im or more. On the other hand, it is preferable that the thickness 
of the intermediate layer 15 is prescribed to be 50 \xrr\ or less so that the laser beam 35 can tie condensed into both 

IS tiie first recording layer 18 and the second recording layer 27. 

[0076] The informatnn recording medium shown in Figure 1 is an example. For example, the information recording 
medium of the present Invention Includes an Infomiatlon recording medium 1 Da shown in Rgure 3. In the infomriation 
recording medium of tha present Inventbn, materials of each dielectric layer, each Interface layer, and each reflective 
layer may be the same or different from each other. 

Embodiment 2 

[0077] In Embodiment 2, a method for producing an Infomnatlon recording medium of the present Invention will be 
described. The same components as those described in Emt>odiment 1 are denoted with the same reference numerals 

^5 as those therein, and repeated description will be omitted here. 

[0078] Figures is across-sectional view of an information recording medium 10a produced by the production method 
of Embodiment 2. According to this production method, first, a second information layer 14 Is fonned on a second 
substrate 12 (Process (a)). Hereinafter, a method for forming the second Information layer 14 will be described. 
[0079] First, the second substrate 12 (e.g., thickness: 1 .1 mm) with grooves for tracking control fomned thereon is 

30 ^ prepared, and this substrate is disposed in a film-fonrtation apparatus. Then, on the skie where the grooves of the 
second substrate 12 are formed, a second reflective layer 31, a seventh interface layer 30, a fifth dielectric layer 29, 
and a sixth interface layer 28 are fonned successively. The second reflective layer 31 can be fomied by sputtering in 
an Ar gas atmosphere, using a base material made of metal. Each interface layer and dielectric layer can be fonned 
by sputtering (e.g.. reactive sputtering). As sputtering gas, Ar gas or mixed gas of Ar gas and reactive gas can be used, 

3S [0080] Next, a second recording layer 27 is formed. The second recording layer 27 can be formed by sputtering. fic5 
a base material, the one (e.g., Ge-Sb-Te alloy) In accordance with the conrposition of the second recording layer 27 
to be fonned is used. As sputtering gas, Ar gas, Kr gas, mixed gas ofAr gas and reactive gas (at least one selected 
from N2 and Og, whk:h similarly is applied below), or mixed gas of Kr gas and reactive gas can be used. 
[0081] Next, a fifth interface layer 26 and a fourth dielectric layer 25 are fonned successively. These layers can be 
fonned by the above-mentioned method. After tonning the fourth dielectric layer 25, an Initialization process of crys- 
tallizing the second recording layer 27 may be conducted If required. 

[0082] Then, an intenmediate layer 1 6 is fomned on the second information layer 1 4 (Process (b)). As shown in Figure 
3, In the present embodiment, the case will be described In which grooves for tracking control are fonned on the surface 
of the intemiediata layer 15 on a first substrate 11 side. First, the fourth dlelactric layer 2S is coated with uncured UV- 

45 curable resin to be a material for tfie intermediate layer 1 5. The UV-curatrie resin also can be applied, for example, by 
spin coating. Then, a transparent substrate (e.g. , a polycarbonate substrate) on whteh the shape of grooves fortracking 
control are transferred is prepared. The surface of the substrate on wh»h the grooves are formed is brought into contact 
with the resin, and then the resin is irradiated with UV-rays to be cured, whereby the grooves are transferred to the 
resin. Thereafter, by peeling off the substrate, the InteonetSata layer 15 with the grooves for tracking control formed 

so thereon can be fonned. 

[0083] Then, a first Information layer 1 3 is formed on the intermediate layer 1 5 (Process (c)). Hereinafter, a method 
for fonning the first infonnation layer 13 will be described. 

[0084] First, on the Intomriediate layer 1 5, a third dielectric layer 24, a fourth interface layer 23, a first reflective layer 
22, a third interface layer 21 , a second dielectric layer 20, and a second Interface layer 19 are formed successively. 
These layers can be formed by the method described with respect to Ihe second informatk^n layer 1 4. 
[0086] Then, afirst recording layer 1 8 is fonned on theseoond Interface layer 1 9. The composition of the first recording 
layer 18 is the same as that described in Embodiment 1 . The first recording layer 1 B can be formed to a thickness of 
9 nm or leas, using a base material containing Ge, Sn, Sb, and Te. More speclflcally, the first recording layer 18 can 
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be formed by sputtering, using e base material of a Ge-Sn-Sb-Te atloy The first recording layer 18 also can be formed 
by simultaneous sputtering with four power sources, using lour base materials Ge, Sn, Sb, and'Te. A base material 
made of a compound containing at least two of Ge. Sn, Sb.'and Te may be used. As sputtering gas, Ar gas, Kr gas, 
mixed gas of Ar gas and reactive gas, or mixed gas ot Kr gas and reacth/a gas can be used. The first recording layer 
5 IB preferably is fomied at a fitm-fonnation speed In a range of 0.1 nm/second to 10 nm^econd. The fiinrvformation 
speed can be controlled by a power applied to electrodes. By prescribing the fiim-lormation speed at 0.1 nm/second 
or more, an excess amount of sputtering gas can be prevented from being mixed in the recording layer. Furthemrore, 
by prescribing a fttm-fonnation speed at 1 0 nm/second or less, the thickness of the recording layer can be controlled 
more easily. 

10 [0086J /According to the above-mentioned method, irrespective of the composition and shape of a base material, as 
long as the composition excluding a reactive gas element with respect to the fornied first recording layer IB Is (Qe- 
SnJ^SbeTes^, a parlicularty excellent infomiation reconiiing medium can be obtained. 

[0087] Next, a first interface layer 17 and a first dielectric layer 16 are formed successively on the first recording 
layer IB. These layers can be fonned by the above-mentioned method, it also may be possible that after the first 
* 5 dielectric layer 1 6 is fonrted, an In itialization process of irradiating the first recording layer 1 8 wHh a laser beam so as 
to crystallize the entire first recording layer 1 8 is carried out * 

[008B] Thereafter, a first substrate 11 is attached to the first infomnation layer 13 (Process (d)}. First, the first dielectric 
layer 1 6 te coated with uncured resin. As the resin, UV-curable resin or electron-beam curable resin can be used. The 
resin can be applied by spin coating or the like. This'resin is cured to become an adhesive layer 36. The thickness of 

^ the adhesive layer 36 preferably is In a range of 5 ^m to 40 ^m. Thereafter, the first substrate 1 1 is bro ught into contact 
with the uncured resin, and the resIn Is cured by Irradiation with UV-nays or an electron beam. Thus, the first dielectrte 
layer 15 and the first substrate 11 are attached to each other via the adhesive layer 36. As a material for the adhesive 
layer 38, slow-acting resin may be used. A hard coat layer tor preventing scratches may be f omied on the first substrate 
1 1 . The hard coat layer can be made of, for example, UV-curable resin. 

^5 [0089] In this manner, the information recording medium described in Embodiment 1 can l^e produced. The infornia- 
tion recording medium described in Embodiment 1 also can be produced by another method. For example, It also may 
be possible that the first Infomiatlon layer 13 Is fomied on the first sut>strate 11 , the second Infonnatlon layer 14 is 
fomned on the second substrate 12, and the first and second information layers 13 and 14 are attached to each other 
via the intermediate layer 15. Each layer can be formed by the above-mentioned method. 

30 

Embodinrent 3 

[0090] In Embodiment 3, a method for recording/reproducing information with respect to an information recording 
medium of the present Invention will be described. 

3S [0091] Figure 4 shows an exemplary recording/reproducing apparatus used in the recording/reproducing method of 
the present invention. Referring to Figure 4, a recording/reproducing apparatus 40 Includes a spindle motor 41 for 
rotating an Information recording medium 10 and an optical head 42. The optical head 42 includes a semiconductor 
laser 44 for emitting a laser beam 43. an objective lens 45 for condensing the laser beam 43. and a photodiode (not 
shown) for detecting the laser beam 43 reflected from the infomnation recording medium 10. 

^0 [0092] The information recording medium 1 0 Is the Information recor<fing medium of the present Inventton described 
in En^odlment 1 . The vravetength of the laser beam 43 is in a range of 390 nm to 430 nm. The objective lens 46 has 
a numerical aperture in a range of 0.4 to 1 .1 . 

[0093] According to the recording/reproducing method of Embodiment 3, it Is preferable that information is recorded, 
reproduced and erased by noting the inlonDation recording medium^lO at a linear velocity in a range of 1 m/second 
^5 to 60 nn/second. 

[0094] In the case where the Infomnation recording medium 1 0 has grooves for tracking control, Infonnatlon may be 
recorded onty on the grooves 1 1 a or may be recorded only on the lands 1 1 b (see Rgure 1). Information also may be 
recorded on both the grooves 11 a and the lands lib. For example, in the case where grooves are farmed on both the 
first infbrmiation layer 13 and the second Information layer 14, the recording of information onto the first information 
so layer 13/second information layer 1 4 may be either groove recording/groove recording, groove recording/land record- 
ing, land recording/groove recording, or land recording/land recording. 

[0095] Infomnation is recorded by modulating the laser beam 43 to be radiated between a higher peak power Pp 
(mW) and a lower bias power Pb(mW), An amorphous phase is fonned by irradiation with a laser beam with Pp to be 
a recording mark. A crystal phase is fomied between the recording marks by Irradiation with a laser beam with Pb. 
55 [0096] When information is recorded onto/reproduced from the first informaLion layer 13, the laser beam 43 Is locused 
to be radiated onto the first recording layer 1 8. 1 nfomiation Is reproduced by detecting the laser beam 43 reflected from 
the first recording layer 18. When infomnation Is recorded onto/reproduced from the second inforniatlon layer 14. the 
laser beam 43 Is focused to be radiated onto the second recording layer 27. Information is reproduced by detecting 
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the laser beam 43 reflected from the second recording layer 27 and transmitted through the Intemnediate layer 15 and 
the first information layer 13. 

Examples 

5 

[0097] thereinafter, the present Invention wll) be described by way of illustrative examples witti reference to the draw- 
ings. 

Example 1 

[0098] In Example 1, the relationship between a material and characteristics of a recording layer was evaluated, 
Rrst, a sample 60 shown in Figure 6 was produced. The sample 60 In Figure 5 includes a first jnfonnatjoa layer 13a 
fomied on a first substrate 51 . The first information layer 13a is attached to a dummy substrate 53 via an adhesive 
layer 52. Hereinafter, a method for producing the sample 50 will be described. 
15 [OOdd] First, as the stisstrate 51 . a polycarbonate substrate of 12 mm x 1 8 mm (thickness: 0.6 mm) was prepared. 
On the substrate 51, a first dielectric layer 16 (thickness: 90 nm). a first inteiface layer 1 7 (thickness: 3 nm). a first 
recordBig layer 18» a second interface layer 19 (thickness: 3 nm), a second dielectric layer 20 (thtekness: 36 nm), a 
third interface layer 21 (thk^kness: 3 nm), and a first reflective layer 22 (thbkness: 10 nm) were fomned successively 
by sputtering. 

20 [0100] In Example 1 , ZnS-SiO^ (SiO^: 20 mol%) was used for each dielectric layer, Ge-N was used for each interface 
layer, and an Ag alloy was used for the first reflective layer 22. Furthermore, the first recording layer 1 8 was made of 
a material represented by a composition formula: (Ge-Sn)4Sb2Te7 (the total content of Ge and Sn is 30.8 atomic %). 
The first recording layer 18 was not Initialized and retained in an amorphous state. In Example 1 , a plurality of samples 
were produced by varying a content X (atomic %) of Ge and a content Y (atomic %) of Sn in the first recording layer 1 8. 

25 [0101] The thickness of the first recording layer 18 was varied in a range of 3 nm to 12 nm. The thickness of the first 
and second dielectric layers 16 and 20 was detemf^lned by cateulation based on the matrix method so that a change 
in reflectivity of the first recording layer 18 at a wavelength of 405 nm became large, and the amount of light incident 
upon the first recording layer 1 B became large. 

[0102] Each dielectric layer was fomned by high-frequency sputtering (power: 400 \N) in an At atmosphere, using a 
30 base material of ZnS-SiO^ (diameter: 100 mm, thickness: 6 mm). Eaich interface layer was fonned by high-frequency 
sputtering (power: 300 W) in an atmosphere of mixed gas of Ar gas and nitrogen gas, using a base material of Ge 
(diameter: 100 nm, thk;kness: 6 mm). The first recording layer 18 was formed by direct-current sputtering (power: 50 
W) In an Ar gas atmosphere, using a base material of a Ge-Sn-Sb-Te alloy (diameter: 100 mm, thickness: 6 mm). The 
film-fomrtatton speed of the first reconjing layer 18 was 0.5 nm/second. The first reflective layer 22 was formed by 
35 direct-current sputtering (power 200 W), using a base material of a silver alloy (diameter: 100 nrvn, thtekness: 6 mm). 
[0103] Next, the first reflective layer 22 was coated with UV-curable resin to be the adhesive layer 52. The dummy 
substrate 53 was brought into contact with the resin, and the resin was cured to attach the first reflective layer 22 to 
the dummy substrate 53 via the adhesive layer 52. initialization was not conducted, and the first recording layer 18 
was retained in an amorphous phase (as-depo amorphous phase) after film-formation. Thus, a plurality of samples 60 
40 were produced. 

[0104] The samples thus produced were evaluated by using an evaluation apparatus shown in Figure 6. The eval- 
uation apparatus in Figure 6 is provided with a stage 61 and an optical head 62. The optical head 62 includes a 
semiconductor layer 64 for emittng a laser beam 63 with a wavelength of 405 nm and an objective tens 65 with a 
numercal aperture of 0.65. 

[0105] Next, a method for evaluating the samples will be described. First, the san^le 50 was fixed on the stage 81 . 
TTie sample 50 was inradiated with a pulse laser of 500 ns at 3.5 mW. whereby the first recoriSng layer 1 8 was changed 
from an as-depo amorphous phase to a crystal phase. Then, the sample 50 was Irradiated with a pulse laser of 40 ns 
at 7 mW, whereby the first recording layer 18 was once melted to be changed from a crystal phase to an amorphous 
phase. Thereafter, a pulse laser of 3 mW was radiated for an irradiation time in a range of 10 ns to 500 ns, and a time 
SO required for changing an amorphous phase to a crystal phase was measured. Whether or not a phase change occurred 
was determined by a reflectivity. Table 1 shows the measurement results. 
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Table 1 





Sample No. 


Ge amount (atomic %) 


Sn amount (atomic %) 


Thickness of a 
recording layer (nm) 


Crystallization time 
(ns) 


1-1 


30.8 


0 


3 


500< 




1-2 






4 


500 




1-3 






5 


200 


10 


1-4 






6 


90 




1-5 






7 


85 




1-6 






B 


SO 


15 


1-7 






9 


40 


1-8 






10 


30 




1-9 






11 


30 




1-10 






12 


30 


20 


M1 


25.8 


6 


3 


500< 




1-12 






4 


400 




M3 






5 


150 


25 


1-14 






6 


70 


1-15 






7 


50 




1-16 






8 


30 




1-17 






9 


30 


SO 


1-18 






10 


30 




1-19 






11 


30 




1-20 






12 


30 


35 


1-21 


20.8 


io 


3 


400 


1-22 






4 


200 




1-23 






5 


80 




1-24 






6 


50 


40 


1-25 






7 


40 




1-26 






8 


30 




1-27 






9 


20 


4S 


1-2B 






10 


20 




1-29 






11 


20 




1-30 






12 


20 
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Table 1 (continued) 



20 



25 



30 



Sample No. 


Ge amount (atomic %) 


Sn amount (atomic %) 


Thickness of a 
recording layer (nm) 


Crystaliization time 
(ns) 


1-31 


15.8 


15 


3 


300 


1-32 






4 


100 


1-33 






5 * 


60 


1-34 






6 


20 


1-35 






7 


20 


1-36 






8 


20 


1-37 






9 


20 


1-38 






10 


20 


1-39 






11 


20 


1-40 






12 


20 


1-41 


10.8 


20 


3 


200 


1-42 






4 


60 


1-43 






5 


30 


1-44 






6 


15 


1-45 






7 


15 


1^ 






6 


15 


1-47 






9 


15 


1-48 






10 


15 


1-49 






11 


16 


1-50 






12 


15 



2s [0106] In Table 1 ..the crystallization time refers to an irradiation time of a laser required for changing an amorphous 
phase to a crystal phase. As the crystaliization time becomes shorter, the crystallization ^eed of the first recording 
layer 1 8 becomes faster. 

[0107] As shown in Table 1 . there was a tendency that as the concentration of Sn is increased, the crystaliization 
time is shortened. Furtfwmiore, as the recording layer became thinner, this tendency was increased, in this manner, 
40 even in the case where the recording layer was thin, by adding Sn to Ge-Sb-To, tiie crystaliization time was shortened. 

Example 2 

[010S] In Example 2, the first infonnation layer 13 shown in Figure 1 was produced, and its transmittance was meas- 
4s ured. 

[0109] First, as the first substrate 11 , a polycarbonate substrate with a diameter of 120 mm and a thickness of 0.1 
mm was prepared. On this substrate, the first dielectric layer 1 6 (thlcl<ness: 110 nm)» the first interface layer 1 7 (thick- 
ness: 3 nm), the first recording layer 18, the second interface layer (thickness: 3 nm), the second dielectric layer 20 
(thiclcness: 22 nm), the third interface layer 21 (thickness: 3 nm). the first reflective layer 22 (thickness: 10 nm), the 

so fourth interface iayer23 (thickness: 3 nm), and the third dielectrte layer 24 (thickness: 1 7 ran) were fonmed successively 
by sputtering. The thickness of the first recording layer 18 was varied in a range of 3 nm to 12 nm. The thickness of 
the first and second dielectric layers 16 and 20 was detennlned by calculation based on the matrix method so that a 
change in reflectivity of the first recording layer 1 8 at a wavelength of 405 nm became large, and the light absorptivity 
of the first recording layer 1 8 became large. Furthemiore, the thickness of the third dielectric layer 24 was determined 

55 so that the transmittance of the first information layer 13 became high without Influencing recording/reproducing char- 
acteristics of the first Information layer 13. 

[0110] Ge*N was used for each interface layer in the same way as in Example 1 . ZnS-Si02 (Si02: 20 mol%) was 
used for each dielectric layer In the same way as In Example 1 . A material represented by a composition formula: (Ge- 
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Sn)4Sb2Te7 (Ge: 20.8 atomic %, Sn: 10 atomic %) was used for the first recording layer 18. 

[Oil 1 ] The first information layer 1 3 thus obtained was attached to a dummy substrate using UV-curable resin. Thus. 

samples for measuring a transmlttance were obtained. 

[0112] These samples were measured for a transmlttance Ta when the first recording layer 1 8 was In an amorphous 
5 phase. Thereafter, the first recording layer 18 was crystallized, and a transmlttance Tc was measured. The transmlt- 
tance was measured by obtaining a value at a wavelength of 405 nm using a spectrosccpe. Table 2 shows the meas- 
urement results. 



Table 2 



10 



20 



25 



Sample No. 


Ge amount (atomic 
%) 


Sn amount (atomic 
%) 


Thiclcness of a 
recording layer 

(nm) 


Ta{%) 


Tc{%) 


(Tc+TaV2 (%) 


2-1 


20.8 


10 


3 


58 


64 


61 


2-2 






4 


54 


60 


57 


2-3 






5 


50 


56 


53 


2-4 






6 


47 


53 


50 


2-5 






7 


44 


50 


47 


2-6 






8 


40 


46 


43 


2-7 






9 


37 


43 


40 


2-8 






10 


34 


40 


37 


2-9 






11 


31 


37 


34 


2-10 






12 


27 


33 


30 



[0113] In order to allow a sufficient amount of laser beam to be Incident upon the second Information layer 14, it is 
30 preferable that a transmittance of the first information layer 13 satisfies 40 s (Tc 4- Tay2. As is apparent from Table 2. 
by prescribing the thickness of the first recording layer 18 to be 9 nm or less, this condition can be satisfied. By pre- 
scribing the thickness of the first recording layer 1 8 to be 6 nm or less, 50 £ (Tc -i- Tay2 can be satisfied. Thus, it is 
preferable that the thk^ess of the first recording layer 18 Is 9 nm or less. 

35 Example 3 

[0114] In Example 3, the infonnation recording medium 10 shown in Rgure 1 was produced, and the relationship 

between a composition and a thickness, and characterisiics of the first recording layer 18 was investigated. 

[0115] First, as the first substrate 11 . a polycarbonate substrate with a diameter of 120 mm and a thckness of 0.1 

40 .mm was prepared. On this substrate, the first dielectric layer 1 8 (thickness: 45 nm), the first Interface layer 1 7 (thickness: 
3 nm), the first recording layer 18, the second interface layer 19 (thickness: 3 nm), the second dielectric layer 20 
(thickness: 11 nm), the third interface layer 21 (thickness: 3 nm), the first reflective layer 22 (thickness: 10 nm), the 
fourth interlace layer 23 (thickness: 3 nm) and the third dielectric layer 24 (thickness: 23 nm) were fonmed successively 
by sputtering. The th tokr^ess of the first recording layer 1 8 was varied In a range of 3 nm to 9 nm. 

45 [0116] The interface layers and the dielectric layers respectively were made of the sane materials as those of the 
samples In Example 2. A materia) represented by a composition fomiula: (Ge-Sn)4Sb2Te7 was used lor the first re- 
cording layer 18, and the content of Sn was varied In a range of 0 atomb % to 20 atomte %. Each layer was produced 
by the same method as that in Example 1 . 

[0117] Next, as the second substrate 1 2, a polycarbonate substrate with a diameter of 1 20 mm and a thickness of 
so 1.1 mm was prepared. On this substrate, the second reflective layer 31 (thickness: 80 nm) , the seventh interface layer 
30 (thickness: 3 nm), the fifth dielectfte layer 29 (thickness: 11 nm), the sixth Interface layer 28 (thickness: 3 nm), the 
second recording layer 27 (thickness: 12 nm), the fifth Interface layer 26 (thickness: 3 nm) and the fourth dielectrte 
layer 25 (thickness: 65 nm) were formed by sputtering. The thickness of each dielectric layer was detemnined by cal- 
culation based on the matrix method so that recording/reproducing characteristics of the second recording layer 27 
55 became satisfactory. 

[0118] An Ag alloy was used for the second reflective layer 31 . Ge-N was used for each Interface layer ZnS-SiO^ 
(8102: 20 mol%) was used for each dielectrb layer. A material represented by a composition formula: Ge4Sb2Te7 was 
used for the second recording layer 27. Each dlelectrk; layer, interface layer, and reflective layer were formed by the 
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method described in Exampie 1 . The second recording iayer 27 wae formed by direct-current sputtering (power: 100 
W) in an atmosphere of mixed gas of Ar gas and gas, using a base material of a Ge-8b*Te alloy. 
[0119] Next, the first recording layer 1 8 and the second recording layer 27 were initialized (i.e.» crystallized). There- 
after, the first information layer 13 and the second information layer 14 were attached to each other via UV-curable 
5 resin. Thus, a plurality of samples including the first recording layers 1 8 with different composit'ons and thiclcncesses 
were produced. 

[0120] The samples thus obtained were measured for an erasure ratio of a recording marie and a carrier to noise 
ratio (CNR). The rGcording/reproducing apparaliis shown in Figure 4 was used for this measurement. More specifically, 
a laser beam with a wavelength of 405 nm, and an objective lens with a numerical aperture of 0.85 were used. The 
10 linear velocity of the information recording medium 1 0 during measurement of an erasure ratio and a CN R was set at 
8.6 m/s. A signal was recorded on land portions (see, lands 1 lb In Figure 1 }. Table 3 shows the measurement results. 



Tables 



15 


Sample No. 


Ge amount (atomic 
%) 


Sn amount (atomic 
%) 


Thickness of a 
recording layer 
(nm) 


Erasure ratio (dB) 


CNR (dB) 




3-1 


30.8 


0 


3 


0 


20 


20 


3-2 






A 

4 


0 




3-3 






5 


5 


37 










D 


1 n 

lU 












/ 


10 




25 


3-6 






Q 
O 




ACi 
HO 




0-7 






y 








3-8 


25.8 


5 


3 


0 




30 


3-9 






4 


5 


35 


3-10 






5 


10 


40 




3-11 






6 


15 


46 




3-12 






7 


20 


50 


35 


3-13 






8 


25 


50 




3-14 






9 


30 


50 




3-15 


20.8 


10 


3 


20 


40 


40 


3-16 






4 


25 


47 


3-17 






6 


30 


52 




3-18 






6 


34 


52 




3-19 






7 


34 


52 


45 


3-20 






8 


35 


52 




3-21 






9 


35 


52 




3-22 


16.8 


15 


3 


23 


43 


SO 


3-23 






4 


25 


48 


3-24 






5 


30 


52 




3-25 






6 


36 


52 




3-26 






7 


36 


52 


55 


3-27 






8 


36 


52 




3-28 






9 


36 


52 
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Table 3 (continued) 



Sample No. 


Ge amount (atomic 
%) 


Sn amount (atomic 
%) 


Thickness of a 
recording layer 
(nm) 


Erasure ratio (dB) 


CNR (dB) 


3-29 


10.8 


'20 


3 


25 


37 


3-30 






4 


30 


43 


3-31 






5 


35 


48 


3^32 






6 


38 


45 


3-33 






7 


38 


46 


3-34 






8 


38 


45 


3-35 






9 


38 


46 



[01211 In the Information recording medium, an erasure ratio preferably Is 20 dB or more, more preferably 30 dB or 
more. Furthermore, a CNR preferably is 40 dB or more, more preferably 50 dB or more. 

[0122] As shown In Table 3, In samples 3-1 to 3-7 with no Sn added thereto, an erasure ratio and a CNR were low. 
^ In paitbular. In the case where the thickness of the first recording layer 1 8 was 6 nm or less, an eraeu re ratio was 1 0 
dB or less. The addition of Sn enhanced an erasure ratio, and in a sarr^le 3-1 8 using the first recording layer 18 with 
a thickness of 6 nm and containing 1 0 atomic % of Sn, satisfactory results (i.e., an erasure ratio of 34 dB and a CNR 
of 52 dB) were obtained. 

[0123] According to the results in Example 3, when a content X (atomic %) of Ge and,a content Y (atomic %) of Sn 
25 satisfied about X/5 < Y < about 2X, satisfactory recording/erasing characteristics were obtained. In particular, in the 

case where about X/2 ^ Y < about X was satisfied, an erasure ratio and a CNR both exhibited e?<cellent characteristics. 

[0124] The results in Exanr^le 3 are those in the case where the linear velocity of the Infonnalion recording medium 

is 8.6 m/s, and when the linear velocity is decreased, an erasure ratio and a CNR are increased. 

[0125] When the information recording medium 1 0a was produced by the production method of Embodiment 2, and 
30 the present example was carried out, the same results were obtained (this applies to Examples 5, 6, 7. 8, 1 0, and 1 1 .) 

Exartyle4 

[0126] In Example 4, the same samples as those in Example 1 were produced, except that the first recording layer 

35 IB was dilFeront, and the same evaluation as that in Example 1 was conducted. 

[0127] In Example 4, the thickness of the first recording layer 18 was prescribed to be 6 nm. and a material repre- 
sented by a composition fomiula: (Go-Sn)/ySb2Te3^;^ was used. A plurality of samples with the value o! A varied v/ere 
produced, and evaluated for the relationship between a composition and a crystallization time, A content Y (atomic %) 
of Sn was set to be about a half of a content X (atomic %) of Ge. Table 4 shows the measurement results of a crystal- 

^0 lization time. 



Table 4 



so 



Sample No. 


Ge+Sn amount (atomic %) 


Sn amount (atomic %> 


A 


Crystallization time (ns) 


4-1 


14.3 


6 


1 


10 


42 


22.2 


7 


2 


30 


4-3 


30.8 


10 


4 


50 


4-4 


36.3 


12 


6 


60 


4-5 


38.1 


13 


B 


70 


4-6 


40.0 


13 


10 


80 


4-7 


42.4 


14 


14 


90 


4-B 


44.9 


15 


22 


100 


4-9 


47.3 


16 


44 


110 
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[0128] As is apparent from Table 4. there is a tendency that when the value of A is Increased, the crystallization time 
is prolonged. 

Example 5 

5 

[0129] In Example 5, the same samples as those in Example 3 were produced* except that the first recording layer 
IS was different, and a CNR and an erasure ratio were measured by the same method as that in Example 3. The 
thickness of the first recording layer 18 was prescribed to be 6 nm, and was made of a material represented by a 
composition fomiula: (6e-Sn)yj^Sb2Te3+^. A plurality of samples with tfie value of A varied were produced. A content Y 
10 (atomic %) of Sn was prescribed to be about a half of a content X (atomic %) of Ge. Table 5 shows the measurement 
results. 



Table 5 



25 



Sample No. 


Ge+Sn amount (atomic %) 


Sn amount (atomic %) 


A 


Erasure ratio (dB) 


CNR (dB) 


5-1 


14.3 


6 


1 


30 


35 


5-2 


225 


7 


2 


34 


40 


5-3 
(3-18) 


30.8 


10 


4 


34 


52 


5-4 


35.3 


12 


6 


32 


53 


5-5 


38.1 


13 


8 


30 


&4 


5-6 


40.0 


13 


10 


22 


55 


5-7 


42.4 


14 


14 


16 


55 


5-8 


44,9 


15 


22 


14 


56 


5-9 


47.3 


16 


44 


10 


57 



[0130] As is apparent from Table 5, there is a tendency that when the value of A is small, a CNR is decreased, and 
when the value of A is large, an erasure ratio is decreased. This tendency corresponds to the results in Example 4. In 
the case of using the recording layer in Example 5, it is preferable that A satisfies 2 < A ^ 1 0. 



Exanrytie S 

[0131] In Example 6, the same samples as those In Example 3 were produced, except that tiie first recording layer 
IB was different, and a CNR and an erasure ratio were measured by the same rrtethod as that In Example 3. The 
thickness of the first recording layer 18 was prescribed to be 6 nm, and was made of a matena! represented by a 
composition fonmula: (Ge-Sn);^Sb2TB3^A. A plurality of samples with the value of A varied were produced. Unlike Ex- 
ample 5, a content Y {atomic %) of Sn was prescribed to be substantially the same as a content X (atomic %) of Ge. 
Table 6 shows the measurement results. 



Tables 



^mple No. 


Ge+Sn amount (atomte %) 


Sn amount (atomic %) 


A 


Erasure ratio (dB) 


CNR(dB) 


6-1 


14.3 


7 


1 


30 


37 


6-2 


22.2 


11 


2 


34 


42 


6-3 
(3^25) 


30,8 


16 


4 


36 


52 


6-4 


35.3 


17 


6 


36 


53 


6-6 


38.1 


19 


8 


34 


54 


6-6 


40.0 


20 


10 


30 


54 


6-7 


42.4 


21 


14 


26 


54 


6-8 


44.9 


22 • 


22 


20 


53 
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Table 6 (continued) 



Sample No. 


Ge+Sn amount (atomic %) 


Sn amount (atomic %) 


A 


Erasure ratio (dB) 


CNR (dB) 


6-9 


47.3 


23 


44 


16 


53 



[0132] As l6 apparent from Table 6, in the case of using the recording layer in Example 6, It Is preferable that A 
satisfies 2 < A ^ 22. 



^0 Example 7 

[0133] In Example 7, the same sannples as those in Example 3 were produced, except that the first recording layer 
1 B was different. The thickness of the first recording layer 1 8 was prescribed to be 6 nm, and avbs made of a material 
represented by a composition formula: (G9-Sn)22SbBTe25. A plurality of samples with the value of B varied were pro- 
duced. 

[0134] These samples were evaluated for cycle life number of times (hereinaften which may be referred to as •re- 
cording cycle perforrnance"), and a recording storage property, using the apparatus in Figure 4 or 6. The cycle life 
number of times was determined by repeatedly recording a 3T signal and a random signal, and counting the number 
of times of recording until the 3T signal was decreased by 3dB. The recording storage property was evaluated by 
leaving the sample on which a 3T signal was recorded in an atmosphere of 90^*0 and relative humidity of 20% for 100 
^ hours, and measuring a decrease in amplitude of the 3T signal. T^le 7 shows the evaluation results. 



Table 7 



30 



40 



45 



SO 



Sample No. 


Sn amount (atomic %) 


B 


Cycle performance 


Recording storage property 


7-1 


10 


2.0 


CI 


B2 


7-2 


2.5 


81 


A2 


7-3 


3,0 


81 


A2 


7-4 


3.5 


D1 


E2 


7-5 


4.0 


D1 


E2 


7-6 


4.5 


01 


E2 


7-7 


5.0 


D1 


E2 


7-B 


15 


2.0 


CI 


B2 


7-9 


2.5 


B1 


B2 


7-10 


3.0 


B1 


A2 


7-11 


3.5 


A1 


A2 


7-12 


4.0 


01 


E2 


7-13 


4.5 


Dl 


E2 


7-14 


5.0 


D1 


E2 


7-15 


20 


2.0 


CI 


C2 


7-16 


2.5 


B1 


B2 


7-17 


3.0 


B1 


B2 


7-18 


3.5 


A1 


A2 


7-19 


4.0 


A1 


A2 


7-20 


4.5 


Dl 


E2 


7-21 


5.0 


Dl 


E2 



55 
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Table 7 (continued) 



5 



15 



Sample No. 


Sn amount (atomic %) 


8 


Cycle perfomiarce 


Recording storage property 


722 


25 


2.0 


CI 


C2 


7-23 


2.5 


B1 


C2 


7-24 


3.0 


81 


B2 


7-25 


3.5 


A1 


A2 


7-26 


4.0 


A1 


A2 


7-27 


4.5 


D1 


E2 


7-28 


6.0 


D1 


E2 


7-29 


30 


2.0 


D1 


02 


7-30 


2.5 


D1 


02 


7-31 


3.0 


D1 


02 


7-32 


3.5 


D1 


02 


7-33 


4.0 


D1 


02 




4.5 


01 


02 


7-35 


5.0 


D1 


D2 



[0135J in Table 7, A1 to D1 represent cycte life number of times. More specifically, D1 < 1000, 1000 < C1 < 5000, 
6000 < 81 < 10000, and 10000 < A1. A2 to E2 represent a decrease amount of an amplitude of a 3T signal. More 
specificatly, 3 dB < 02, 1 dB ^ C2 < 3 dB, 0 dB < B2 < 1 dB, and A2 ^ 0 dB. Furthermore, £2 shows that a crystallization 
speed was slow, and an erasure ratio was less than 1 0 dB. 

[01361 As shown In Table 7, when the concsentratlon o1 Sb In the recording layer was higher, cycle performance was 
enhanced. Furtherrriore, by increasing the concentrations of Sb and Sn, a compo»lion range In which both the cycte 
perfomiance and the recording storage property became satisfactory was enlarged. Thus, in the case of using the 
recording layer (A = 22) in Example 7. it is preferable that a content Y (atomic %) of Sn and B satisfy 0 < Y s 25 and 
2^614, respectively. 

^ Exanryile B 

[0137] In Example 8, the samples were produced in which oniy the composition of the first recording layer 1 8 was 
different from that in Example 7. and the same measurement as that in Example 7 was conducted. More specifically, 
the first recording layer 1 8 was made of a material represented by a composition fomnula: (Ge-$n)2SbBTe5. As a result, 
in the case of using the recording layer (A - 2) in Example 8, it is preferable that B and Y satisfy 2 < B < 4 and 0 < Y 
£ 15, respectively. 

Exarryle 9 

^ [0138] In Example 9, the same samples as those in Example 2 were produced, except that the first recording layer 
1 3 and the first reflective layer 22 were different. More specifically, the first recording layer 1 8 was made of a material 
represented by a composition formula: (Ge-Sn)4Sb2Te7, and the thicl(ness thereof was varied in a range of 1 nm to 9 
nm.An Ag alloy was usedforthe first reflecdve layer 22, andthethlcknesswaesettobe3,5, 7, 10,12, 15, 17and 20 nm. 
[0139] A plurality of samples thus produced were measured for a reflectivity, a transmiltance, and an amplitude of a 

SO 3T signal. As a result, it was found that the thickness of the first reflective layer preferably is in a range of 6 nm to 15 
nm, and more preferably is In a range of 8 nm to 12 nm. (n the absence of the first reflective layer 22, the reflectivity 
of the first infonnalfon layer 13 was decreased. Furthemiore, when the first reflective layer 22 was thin (i.e., 5 nm), a 
heat diffusion function thereof was decreased, and an amplitude of a 3T signal became small. When the first reflective 
layer 22 was thidcer than 15 nm, the transmlttanoe ot the first information layer 13 was decreased. 

55 



19 



PAGE 27/48 * RCVD AT 4/1S/2008 5:07:S7 PM [pastern Dayllgtit Time] ' 8VR:U8PTO*EFXRF-6/22 ' DN18:2738300 * C8ID:ei 2-455-3801 * DURATION (mm-ss):46-54 



15/04/2008 15:26 



6124553801 



HSML (PJK) 



Page 28/48 



EP1 172 811 A2 

Example 10 

[0140] In Example 1 0, samples were produced in the same way as in Example 3. except that the first recording layer 
13 and the recording position of an information signal were changed, Mora specifically, the thickness of the first re- 
5 cording layer 1 8 was prescribed to be 6 nm, and was made of a material represented by a composition fomnuia: (Ge- 
Sn}^Sb2Te7 (where Sn : 1 0 atomic %). intomnation was recorded on either grooves (groove surface closer to an incident 
side of a laser beam) formed for the purpose of tracldng control or lands (groove surface far away from an incident 
side of a laser beam). 

[0141] The transmittance of the first information fayer 13 of these samples was 50% on average. These samples 
^0 were measured for an erasure ratio and a CNR by the same method as that in Example 3. In Example 1 0, a power Pp 
of a laser beam tor forming a recording mark (amorphous phase) and a power Pb of a laser beam for fomriing a crystal 
phase were varied. Table 8 shows the measurement results. 



Tables 



First infomnatlon layer 1 3 


Second Infonmation layer 14 


Recording 
position 


CNR (dB) 


Erasure 
ratio (dB) 


Pp/Pb (trtN) 


Recording 
position 


CNR (dB) 


Erasure ratio 
(dB) 


Pp/Pb (mW) 


Groove 


52 


33 


ym.o 


Groove 


53 


35 


9.6/3,6 


Land 


53 


34 


10.0/4.0 


Land 


52 


34 


7.5/3.5 


Groove 


53 


34 


9.6/3.5 


Land 


63 


33 


9.9/3.9 



25 

[0142] is apparent from Table 8, irrespective of whether the recording position of the first recording fayer 13 is 
groove portions or land portions, and whether the recording position of the second information layer 14 Is groove 
portions or land portions, satisfactory resuHs (i.e., 30 dB ^ (erasure ratio) and 50 dB < CNR) were obtained. More 
speciflcaily, In^espective of the recording position of a signal, the characteristlos of the first intomiation layer 1 3 and the 
second information layer 14 were both satisfactory. 

Exarr^ie 11 

[0143] in Example 11 , samples were produced in the same way as in the sample 3-1 8 in Example 3, except that tiie 
method for fomning the first recording layer 1 8 and the second recording layer 27 was different. More specifically, the 
first recording layer 18 and the second r6CX)rding layer 27 were formed by direct-current sputtering in an atmosphere 
of krypton gas. A signal was recorded on iand portions (see lands lib in Rgure 1) in the sanples thus obtained, and 
the recording cycle performance thereof was evaluated. The recording cycle performance was evaluated by measuring 
a CNR of a 3T signal, and the number of times of recording up to when an initial CNR value was decreased by 3 dB 
was defined as recording cycle life. Table 9 shows evaluation resutts. 



Tables 



Sample No. 


Sputtering gas 


Cyde number of times 


Rrst information layer 13 


Second intormation layer 14 


9-1 


Icrypton 


150,000 


200,000 


3-18 


argon 


100.000 


150,000 



[0144] As is apparent from Table 9, compared with a sample 3-18 In which the recording layer was formed in an 
anmosphere of Ar gas, the cycle performance of a sample 9^1 In which the recording layer was formed In an atmosphere 
of Kr gas was enhanced by about 1 .5 times. 

Example 12 

[0145] In Example 12, the influence of addition of Sb and Sn on a crystallization temperature and a crystallization 
time was investigated. A (Ge^n)4SbgTe7 layer was formed to a thictaiess of 6 nm on a quartz substrate as the first 
recordfaig layer 16 for measuring a crystallization temperature, and a Ge-N layer was formed thereon to a thickness 
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of 5 nm. "A" was kepi constant at 4, and five kinds of samples with values of B and Y varied were produced. These 
samples were measured for a crystallization temperature. The crystallization temperature was defined as a terr^erature 
at which B transmittance was decreased rapidly due to crystallization. A change in transmittance was nneasured while 
Increasing the temperature of the samples with a laser beam. A crystallization time was measured by using the sample 
5 50 in Figure 5 and the evaluation apparatus in Figure 6. At this time, five kinds of sannples were measured, each 
including the first recording layer 18 with the same composition as that of the samples for measurennent of a crystai- 
iization temperature. The thk:kness of the first recording layer 16 was setto be 8 nm. Table 10 shows the measurement 
results. 

10 Table 10 



Sample No. 


B 


Sn amount (atomic %) 


Crystallization time (ns) 


Sample No. 


Crystallization 
temperalure ('C) 


1-4 


2 


0 


90 


10^3 


200 


1-24 


2 


10 


50 


10^ 


180 


10-1 


3 


10 


55 


10-5 


195 


1-34 


2 


15 


20 


10>6 


170 


10-2 


3 


15 


22 


10-7 


185 



[0146] As is apparent from comparing samples 1 -4, 1 -24. and 1 -34, when only Sn was added at B = 2, a crystal Iization 
time was shortened (90 ns ^ 50 ns 20 ns). and along with this, a crystallization temperature also was decreased 
by 30*C (200*C -» ISO'C -> 170*C). The decrease in crystallization temperature impairs the thermal stability of a* 
recording mar1(. In contrast, when Sb was increased so as to attain B = 3, a crystallization time was shortened sub- 
stantially in an equal rate (90 ns -> 56 ns 22 ns), whereas a decrease in crystallization temperature was 15*C (200*C 
195°C 185*C>. Thus, compared with the addition of only Sn. when Sb and Sn are added, a crystallization time 
can be shortened while thermal stability is ensured. 



30 ExfinrplelS 

[0147] In Example 13, the reiatwnship between values of Tc, Ta and I AT I /Tc (where AT = Tc - Ta) of the first 
infomatlon layer end recording characteristbs of the second infomnation layer was Investigated. 
^. [0148] The infonnatton recording medium 1 0e in Figure 3 was produced in accordance with the method in Fmbod- 
Iment 2. The sample thus produced was measured for a change in recording sensitivity o1 the second information layer 
1 4 in the case where the first infonnatran layer 1 3 was in en initialized state (the entire surface was tn a crystal phase) 
or a recorded state (a crystal phase and an amorphous phase were present), by using the evaluation apparatus in 
Rgure 4. By varying the thtekness of the first dielectric layer 16, the second dielectric layer 20, and the third dielectrb 
layer 24, the Information recording media 10a with different Tc andTa were produced. 

[0149] First, as the second substrate 12, a polycarbonate substrate with a diameter of 120 mm and a thk^ness of 
1 .1 mm was prepared. Then, on this substrate, the second information layer 14 was fonned. More specifically, the 
second reflective layer 31 (thickness: 80 nm), the seventh interface layer 30 (thickness: 3 nm), the fifth dielectric layer 
29 (thickness: 11 nm), the sixth interlace layer 28 (thickness: 3 nm), the second recording layer 27 (thickness: 12 nm), 
the fifth interface layer 26 (thckness: 3 nm) and the fourth dielectric layer 25 (thickness: 65 nm) were fonned succes- 
45 sively by sputtering. The second recording layer 27 was made of a material represented by a composition fonnuia: 
6egSb2.6Teiv '''^^ ^^^^ layers were made of the same materials as those of the samples in Example 3. 
[0160] Next, the second recording Iayer27 was changed from an amorphous phase to a crystal phase to be inttialtzed 
by in^diating the second information tayer 1 4 with a laser beam. 

[01 51 ] Then, the i ntemnediate layer 1 5 with grooves transferred thereon was f onmed on the fourth dielectric layer 25 

gQ by using UV-curable resin. 

[0152] Next, the first Infomiation layer 13 was fornied on the intemediate layer 15. Specifically, the third dielectric 
Ieyer24, the fourth interface layer 23 (thickness: 3 nm), the first reflective layer 22 (thickness: 1 0 nm), the third interface 
layer 21 {thickness: 3 nm), the second dielectnc layer 20, the second interface layer 19 (thk:kness: 3 nm), the first 
recording layer 18 (thk:kness: 6 nm), the first Interface layer 1 7 (thickness: 3 nm) and the first dielectric layer 16 were 

35 formed successively by sputtering. Next, the first recording layer 1 8 was changed from an amorphous phase to a crystal 
phase to be Initialized by Irradiating the first Infomnatlon layer 13 with a laser beam. 

[0153] The first recording layer 18 was made of a material represented by a composition formula (Ge-Sn)gSb2Te^i 
(Sn: 1 0 atomic %). The other layers were made of the same materials as those in Example 3. 
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[0154] Next, the first information layer 1 3 and the first substrate 11 were attached to each other by using UV-curable 
resin. As the first substrate 11 , a polycarbonate substrate with a diameter of 120 mm and a thickness of 0.09 mm was 
used. The total thickness of the adhesive layer 36 and the first substrate 11 was 0.1 mm. 
[0155] By using the evaluation apparatus in Figure 4 a 3T signal was recorded on groove portions on the second 

5 information layer at a linear velocity of 5 m/s when the first infonmation layer 13 was in an inlHatized state. Pp (mW) 
and Pb (mW) at which a CNR of 50 dB was obtained were measured. Thereafter, a 3T signal was recorded on groove 
portions on the first information layer 13. Then, a 3T signal was recorded on the groove portions of the second infor- 
mation iayar 14 where a laser beam transmitted through the recorded portions of the first information layer 13 was 
condensed, and a change in recording sensitivity of the second info mfiation layer 14 was measured. 

10 [0156J A disk sample including only the first infonmation layer 1 3 was produced, and Tc and Ta were measured by a 
spectroscope in the same way as in Example 2. Table 11 shows the measurement results. D1 , D2, and D3 in Table 11 
represent the thickness of the first, second, and third dielectric layers 16, 20, and 24, respectively. 



Table 11 



15 


Sample 
No. 


D1 (nm) 


02 (nm) 


D3(nm) 


Tc(%) 


Ta (%) 


iATI/Tc 


First 

infomiation 
layer 1 3 


Second information 
layer 14 




















Pp(mW) 


Pb{mVV) 


20 


11-1 


110 


22 


17 


54 


48 


0.11 


initialized 
state 


9.3 


3.4 


















Recorded 

state 


9.7 


3.6 


25 


11-2 


17 


22 


9 


50 


43 


0.14 


Initialized 
state 


9.6 


3.6 


















Recorded 
state 


11,0 


4.1 


30 


11-3 


56 


6 


39 


38 


44 


0.16 


Initialized 
state 


12.6 


4.7 


















Recorded 
state 


10.9 


41 


35 


11-4 


120 


6 


23 
• 


62 


• 51 


0-02 


Initialized 
state 


9.6 


3.6 


















Recorded 
state 


9.6 


3.6 


40 


11-6 


40 


6 


23 


61 


52 


0.02 


Initialized 
state 


9.6 


3.6 


















Recorded 
state 


9.6 


3.6 


45 


11-6 


45 


6 


28 


47 


51 


0.09 


Initialized 
state 


10.6 


40 


















Recorded 
state 


10.5 


4.0 



[0157] As shown In Table 1 1 , when lATl/Tc was smalier, a change In recording sensitivity of the second infonnation 
layer 14 was smaller, irrespective of the state of the first Infomriatton layer 13. As a user stores a new fUe, using an 
Information recording medium, a recorded region is increased. Therefore, rt is preferable thatTc < Ta is satisfied so as 
not to Involve a decrease in transmlttarKe. A sample 11-3 has a small transmtttance at (Tc + Ta)/2 = 41 (%), and a large 
difference between Tc and Ta at lATI /Tc = 0.16. tn this configuration, when the ftrst infomiation layer 13 was in an 
^ initialized state, the recording sensitivity of the second infomiation layer 14 was about 13 nUN, and a transmittanoe 
was considered to be substantially at a lower limit Furthermore, since the difference between Tc and Ta was large; 
therefore, In the case where the first Infomriatlon layer 13 was In a recorded etate, ttuctuadons were caused In an 
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ampHtude of a 3T signal In the second Intomiation layer 14. Thus, lATUTc preferably is0.15or less, and more preferably 
0.05 or less. 

[0158] In the present exanaple, although initialization of the first information layer 13 and the second information layer 
1 4 ts conducted before attaching the first substrate 11 . It may be conducted in another period. For example, initlaiization 
5 may be conducted alter attaching the first substrate 11 . Even in this case, the same results and effects are obtained. 

Exanrple 14 

[015d] In Example 14, the relationship between a material and a thickness of the third dielectric layer 24, and the 
10 transmittance of the first information layer 1 3 was investigated by conducting calculation based on the matrix method. 
[0160] Calculation was conducted assuming the structure: the polycarbonate substrate/first dieiectric layer 1 e/first 
interface layer 1 7 (thickness: 3 nmyfirst recording layer 18 (thickness; 6 nm)/second interface layer 19 (thickness: 3 
nm)/second dielectric layer 20 (thickness: 23 nmythird interface layer 21 (thickness: 3 nmyfirst reflective layer 22 
(thickness: 10 nm)/fourth interface layer 23 (thtekness: 3 nm)/third dieiectric layer 24. In the absence of the third die- 
15 lectric layer 24, calculation was conducted assuming that the fourth Interface layer 23 was not present. 

[01611 A tfiickness D1 <nm) of the first dielectric layer, and Tc, Ta, Ac, and Aa when the material and the thtekness 
of the third dielectrte layer 24 were varied were calculated. Tc and Ac respectively represent a transmittance of the first 
information layer 1 3 and a Rght absoiptlyity of the flrsl recording layer 1 8 in the case where the first recording layer 1 8 
is in a crystal phase. Furthermore, Ta and Aa respectively represent a transmittance of the first infonratton layer 13 
^ and a light absorptivity of the first recording layer 18 In the case whens the first recording layer 18 is In an amoiphous 
phase. Table 1 2 shows the calculation results. The results in Table 1 2 show values when the thickness of the dielectric 
layers is set so that a reflectivity Rc (%) of Ihe first Information layer 13 in the case where the first recording layer 18 
is in a crystal phase, and a reflectivity Ra (%) of the first Information layer 1 3 In the case where the first recording layer 
1 8 is in an amorphous phase satisfy Ra ^ 1 and 5 ^ Rc/Ra. 

Table 12 



35 



45 



Calculation No. 


D1 (nm) 


Third dielectric layer 24 


Tc 


Ta 


Ac 


Aa 


i\^ateriat 


Refractive index 


D3 (nm) 


(%) 


(%) 


(%) 


(%) 


12-1 


55 


None 


40 


42 


47 


54 


12-2 


50 


MgO 
AI2O3 


1,7 


34 


45 


45 


46 


51 


12^ 


50 


AfN 


1.9 


34 


45 


46 


45 


61 


12-4 


50 


Al-Ti-N 
ZnTe-O 


2,0 


23 


48 


48 


42 


48 


12-5 


45 


ZnS-SiOj 

ZnO 
ZrO^-SiOj 


2.3 


17 


51 


50 


41 


46 


12-6 


45 


TeOg 
TagOs 
ZrOa 


2.5 


17 


52 


52 


40 


45 


12-7 


40 


TO2 


2.8 


17 


53 


53 


39 


44 



[0162] Adshown in Table 12, In the absence of thethird dielectric layer24.Tc and Ta were 42% or leas. In contrast, 
it was possible to set Tc andTa at 45% or more by fontiing the third dielectric layer 24. Furthemore, It was confirmed 
by cafcufalion that as a refracth/o Index is larger. Tc and Ta can be increased. In order to set a transmittance of 50% 
so or more, It is preferable to fonn the third dtelectrfc layer 24 of a material with a refractive Index of 2.3 or more. 

[0163] Next, in order to verify the calculation results, the first Information layer 13 was produced actually, and a 
transmittance thereof was measured by a spectrometer. 

[0164] The first Information layer 1 3 was produced by the following method. First, a polycarbonate substrate with a 
diameter of 120 mm and a thickness of 1 ,1 mm was prepared. On this substrate, the third dielectric layer 24, the fourth 
55 interface layer 23 (thickness: 3 nm), the first reflective layer 22 (thickness: 1 0 nm), the third interface layer 21 (thickness: 
3 nm). the second dielectric layer 20 (thickness: 23 nm), the second Interface layer 19 (thickness: 3 nm), the flret 
recording layer 18 (thksknese: 6 nm), the first interface layer 17 (thlcknese: a nm) and the first dielectrto layer 16 were 
stacked successively. TTie dielectric layers excluding the third dielectric layer 24 and the interface layers were made 
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of the sam& marerials as those for the samples In Example 3. The first recording layer 18 was made of a material 
represented by a composition tormula: (Ge-Sn)8Sb2Teit (Sn: 10 atomic %). Then» a plurality of samples with the ma- 
terial and thickness of the third dielectric layer 24 varied and with the thickness of the first dielectric layer 16 varied 
were produced. For comparison, a sample also was produced in which the fourth interface layer 23 and the third 
9 dielectric layer 24 were not formed. These samples were measured for a transm ittance Tc and Ta of the f\ rst Infonnation 
layer, and Table 13 shows the results. 



Table 13 



20 



30 





01 (nm) 


Third dielectric layer 24 


Tc (%) 


Ta (%) 


Materia! 


D3(nm) 


13-1 


65 


None 


39 


41 


13-2 


60 


MgO 


34 


44 


46 


13-3 


50 


AI2O3 


34 


45 


45 


13-4 


50 


AIN 


34 


45. 


45 


13-5 


50 


Al-Ti-N 


23 


49 


48 


13-6 


50 


ZnTe-0 


23 


47 


48 


13-7 


45 


ZnS-SiOa 


17 


50 


50 


13-e 


45 


ZnO 


17 


51 


49 


13-9 


45 


ZrOg-SiOg 


17 


49 


50 


13-10 


45 


TeOg 


17 


52 


52 


13-11 


45 


tajOs 


17 


52 


51 


13-12 


45 


Zr02 


17 


52 


51 


13-13 


40 


T1O2 


17 


54 


53 



[0165] As shown In Table 13, results substantially In accordance with the calculation were obtained. In samples 13-7 
to 13-13, a tranemlttance of 50% or more was obtained. In this manner, by forming the third dielectric layer 24, the 
transmittance of the first Infonriation layer 13 was enhanced remarkably. 

[0166] As described above, exemplary embodiments of the present Invention have been described However, the 
preset invention Is not limited thereto, and is applicable to other embodiments based on the technical idea of the 
present Invention. 

[0167] /\s described above, according to the Inlormation recording medium and method for producing the same of 
the present invention, an infomfiation recording medium can be obtained, in which two recording layers are provided 
50 as to conduct high-density recording. 



Claiins 

1 . An Infdmnation recording medium, comprising: 

a first substrate; 

a second substrate disposed so as to be opposed to the first substrate; 
a first mfomnation layer disposed between the first substrate and the second substrate; 
a second Infomiatlon layer disposed between the first information layer ^d the second substrate; and 
an Intermediate layer disposed between the first Information layer and second information layer, 
wherein the first information layer includes a finst recording layer that Is transformed In phase reverslbly be- 
tween a crystal phase and an amorphous phase with a laser beam radiated from the first substrata side, 
the second information layer includes a second recording layer that is transfornied In phase reverslbly between 
a crystal phase and an amorphous phase with the laser beam, and 
the first recording layer contains Ge, Sn, Sb, and Te, and has a thickness of 9 nm or less. 

2. An informatton recording medium according to daim 1, wherein the first recor<fing layer is made of a material 



24 



PAGE 32/48 * RCVD AT 4/15/2008 5:07:57 PM [Eastem Daylight Time] * SVR:USPTO-EFXRF-6/22 ' DN1S:2738300 * CS1D:61 2-455-3801 * DURATION (mm-88):46-54 



15/04/2008 15:26 



6124553801 



HSML (PJK) 



Page 33/48 



EP1 172 811 A2 

reprasented by a composition formula: (Ge-SnlASbgTe^^, where 2 ^ A ^ 22 and 2 ^ B ^ 4. 

3. information recording medium according to daim 2, wherein a content of Sn In the first recording layer is 25 
atomic % or less. 

5 

4. An information recording medium according to any one of claims 1 to 3, wherein a transmittance Tc (%) of the first 
information layer in a case where the first recording layer Is in a crystal phase, and a transmittancs Ta {%] of the 
first infonnnation layer In a case wiiera the first recording layer is in an amorphous phase satisfy 40 ^ (Tc 4- Ta)/2 
with respect to a laser beam having a wavelength in a range of 390 nm to 430 nm. 

10 

5. An infomnation recording medium according to claim 4, wherein the transmittance Tc (%) and the transmittance 
Ta(%)satjsfyO^ITc-Tal/Tc<0,15wfthrespecttoalaserbeam having a wavelength in a range of 390 nmto430nm. 

6. An information recording medium according to any one of clasns 1 to 5, wherein the first iniormation layer further 
15 indudes first and second dielectric layers and a first reflective layer, and 

the first reflective layer, the second dielectric layer, the first recording layer, and the first dielectric layer are 
disposed In this order from the Intermediate layer side to the first substrate side. 

7. An infonnation recording medium according to claim 6, wherein the first infomnation layer further includes a third 
^ dielec^rk: layer disposed between the finst reflective layer and the intennedlate layer, 

6. An information recording medium according to claim 7, wherein a refractive index of the third dielectric layer is 2.3 
or more with respect to light having a wavelength In a range of 390 nm lo 430 nm. 

^5 9. An infomnation recording medium according to claim 7, wherein grooves for tracking control are formed on the 
intennediate layer. 

10. An infonnation recording medium according to claim 7, wherein the first infomnation layer further includes an in- 
terface layer disposed at at least one interface selected from the group consisting of an interlace between the first 

3Q dieledric layer and the first recording layer, an interface between the first recording layer and the second dielectric 
layer, an interface between the second dielectric layer and the first reflective layer^ and an interface between the 
first reflective layer and the third dielectric layer. 

11 . An infonrwition recording medium according to claim 6, wherein a thickness of the first reflective layer Is In a range 
55 of 6 nm to 1 5 nm. 

12. An Infonnation recording nredium according to claim 6. wherein a thickness of the first substrate is In a range of 
lO^imto 700 Jim. 

^0 13. An Information recording medium according to claim 12» wherein grooves for tracking control are fomited on the 
first substrate. 

14. An infonfnatlon recording medium according to claim 1. wherein a thk^kness of the second substrate is In a range 
of 500 um to 1300 (im. 

45 

15. An infonnation recording medium acconjlng to claim 14. wherein grooves for tracking control are fomned on the 
second substrate. 

16. fid\ infonnation recording medium eccordlngto claim 7, wherein theaecond Information layerfurther Includes fourth 
so and fifth dielectric layers and a second reflective layer, and 

the second reflective layer, the fifth dielectric layer, the second recording layer, and the fourth dielectrc layer 
are disposed in this order from the second substrate side to the intennediate layer side. 

17. An Information recording medium according to claim 16, wherein the second infonnation iayer further Includes an 
5S interface layer disposed at at least one interface selected from Ihe group consisting of an interface between the 

fourth dielectric layer and the second recording layer, an interface between the second recording layer end the 
fifth dielectric layer, and an interface between the fifth dielectric layer and the second reflective layer. 
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1 8. A method for producing an information recording medium comprising first and second substrates, first and second 
information layers, and an intemiediate layer, tlie method comprising the processes ot 

(a) forming tifie second Infomiation layer on the second substrate; 

9 (b) forming the intermediate layer on the second infonnation layer 

(c) fomiing the first Infomialion layer on the Intennedlate layer; and 

(d) attaching the first substrate onto the first information layer, 

wherein the first infomnation layer includes a first recording layer that is transformed in phase reversibly 

10 between a crystal pliase and an amorphous phase with a laser beam radiated from the first substrate side, 

the second information iayer includes a second recording layerthat is transformed in phase reverstoly between 
a crystal jshase and an amorphous phase with the laser beam, and 

the process (c) includes the process of forming the first recording layer to a thickness of 9 nm or less, using 
IS a base material containing Ge. Sn, Sb, and Te. 

19. A method for producing an information recording medium according to claim 1 8, wherein, in the process (c), the 
first recording layer is fornied by sputtering using sputtering gas containing argon gas or krypton gas, 

^ 20. A metiiod for producing an infonnation recording medium according to claim 19, wherein the sputtering gas further 
contains at least on© gas selected from the group consisting of oxygen and nitrogen. 

21. A method for producing an tnfom^atlon recording medium according to claim 1 8 or 19, wherein the first recording ^ 
layer is fomrted at a film-fonnation speed in a range of 0.1 nm/second to 10 nnru'second. 

£5 

22. A method tor producing an Information recording medium according to any one of claims 1 8 to 21 , wherein, In the 
process (b), grooves for tracking control are fomied on a surface of the intermediate layer 

23. A method (or producing an infonmation recording medium according to claim 1 8, wherein the first information iayer 
30 further includes a first reflective layer disposed on the intemnediate layer side from the first recording iayer, and 

the process (c) Includes ^e process of forming the first reflective layer to a thickness in a range of 5 nm to 
15 nm. 

24. A method tor reconilng/reproducing information with respect to an Infonnation recording medium by Irradiating the 
35 information recording medium with a laser beam, 

wherein the information recording medium is the information recording medium of claan 1 , 

the laser beam is incident from the first information layer side of the infomiation recording medium, 
in the second information layer of the information recording medium, infomnation is recorded/reproduced with 
^0 the laser beam transmitted through the first infcmnatton iayer, and 

a wavelength of the laser beam Is in a rar^e of 390 nm to 430 nm. 

25. A method for recording/reproducing Information with respect to an infomiatton recording medium according to 
clavn 24, wherein a linear vetocity of the infonnation recording medium in recording/reproducing infonmadon is in 

45 ■ a range of 1 m/second to 50 m/isecond. 

26. A method for recording/reproducing information wfth respect to an infonnatnn recording medium acx:ording to 
claim 24, wherein the laser beam Is a laser beam condensed by an objecthre lens with a numarical aperture NA 
in a range of 0.4 to 1.1. 

SO 
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